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THE TETANUS BACILLUS INTESTINAL SAPRO- 
PHYTE 


CARL TENBROECK, M.D., JOHANNES BAUER, M.D. 


(From the Depariment Pathology the Peking Union Medical College, Peking, 
China.) 


(Received for publication, April 1922.) 


nature, but the man carrier this organism has received 
little attention. the literature repeatedly stated that man may 
carry the tetanus bacillus his digestive tract, the statement being 
apparently based the work Pizzini and also the fact that this 
offers the best explanation for some idiopathic cases tetanus and 


for the cases following typhoid fever, dysentery, and hemorrhoid 
operations. 


Pizzini (1) injected suspensions feces from 100 individuals into guinea pigs 
and five instances obtained symptoms tetanus. Ten the individuals were 
hostlers, and the feces three them produced tetanus symptoms, while the 
remaining 90, who were peasants, the feces only two produced these symptoms. 
The natural conclusion drawn from this work was that man seldom carried the 
tetanus bacillus and that those who are intimate contact with animals that are 
known carriers this organism were more apt infected. During his 
extensive work tetanus Tulloch (2) became interested the digestive tract 
source infection abdominal tetanus. studied the feces twenty-one 
men returned from overseas service and seven, per cent, isolated tetanus 
bacilli. From the feces thirty-one civilians England obtained this organ- 
ism five instances, per cent. Tulloch’s results are surprising not because 
they differ from Pizzini’s, for his methods were undoubtedly better, but because 
they show such large percentage infections the human intestinal tract. 
difficult explain why the numerous studies that have been made the 
anaerobic flora the human digestive tract find mention the isolation 
tetanus bacilli, but this may due interest other organisms rather than 
the fact that these bacilli were absent. 


Reported part during the Opening Exercises the Peking Union Medical 
College, September 22, 1921. 
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Before Tulloch’s paper came our attention became interested 
the presence tetanus bacilli the digestive tract through case 
the service Dr. Taylor which the best explanation the 
source infection seemed fecal contamination bed-sore. 
the present paper wish report the results the examination 
the feces individuals and bring out some evidence which 
makes feel that tetanus bacilli are the normal inhabitants the 
intestinal tracts certain number individuals. 

should like emphasise the fact that the examinations were, 
with one exception, made the feces male Chinese, and that they, 
did Tulloch’s overseas men, live more intimate contact with the 
soil than does the average man Europe America, that our 
findings may not duplicated the Occident. While the individuals 
examined were hospital patients, tried secure specimens from 
recently admitted cases both the medical and surgical wards and the 


results would probably the same normal individuals were exam- 
ined. 


Methods. 


The stools were collected clean but not sterilized bedpans and 
portion was transferred sterile Petri dishes which were sent the 
laboratory. Approximately per cent suspension was made 
sterile salt solution, the cotton plug was pushed down, and rubber 
stopper inserted into the mouth the tube. The tube was then im- 
mersed water bath 80°C. and kept there for minutes 
destroy the non-spore-bearing organisms, after which cc. the sus- 
pension was transferred sugar-free bouillon containing piece 
sterile rabbit kidney spleen fermentation tube recommended 
Smith (3) for the cultivation anaerobes. After days incubation 
films were made from the sediment the tube and searched for forms 
characteristic tetanus bacilli. the terminal round spore-bearing 
forms were not found the stool was called negative, while they were 
found the stool was not called positive until the bacilli had been iso- 
lated and was shown that spasm-producing toxin was formed that 
was neutralized tetanus antitoxin. 

The organisms were isolated heating the impure cultures 80°C. 
for minutes transferring sterile bouillon plus tissue fermenta- 
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tion tube, and plating when the tetanus-like forms predominated. 
This procedure was repeated until what appeared bea pure culture 
was obtained, when was plated once more and transplants were made 
from well isolated colonies. This apparently pure culture was grown 
sugar-free bouillon plus tissue, fermentation tube, for days, 
the bulb fluid was discarded, and the branch fluid was centrifugalized 
until was clear. Field white mice were then inoculated sub- 
cutaneously with this clear fluid, two receiving 0.001 cc., two 0.01 cc., 
two 0.01 cc. plus approximately one unit tetanus antitoxin, and two 
0.1 cc. plus the same amount antitoxin. All the cultures that 
have called Bacillus tetant produced characteristic spasms and 
death the mice injected with 0.001 cc. and the mice injected with 
0.1 cc. plus approximately one unit tetanus antitoxin there were 
spasms and the mice lived least days, when the experiment was 
discontinued. 


Discussion Methods. 


This method involved great deal work was often very 
difficult get the organisms pure culture though they were plated 
repeatedly. The injection mixed culture was tried and was found 
that times spasms and death did not occur when characteristic 
tetanus-like organisms were present although when these organisms 
were isolated they proved tetanus bacilli. The results the 
injections impure cultures made different days are given 
Table 

will seen that some the mice died early that diagnosis 
could not made, though spasms might have been obtained these 
animals had smaller amounts been injected. Other mice showed 
spasms and definite diagnosis could made, but the animals inocu- 
lated with seven out the sixteen cultures lived days more and 
showed symptoms tetanus, though was afterwards proved 
that the culture with which they were inoculated contained tetanus 
bacilli. evident, therefore, that there are organisms which in- 
terfere with the production of, destroy tetanus toxin and that the 
injection mixed cultures not reliable method use the de- 
tection tetanus bacilli. 
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TABLE 


Effect the Injection, into White Mice, the Centrifugalized Branch Fluid from 
Fermentation Tubes Containing Sugar-Free Bouillon Plus Tissue Inoculated 
with Heated Suspensions Feces and Incubated Days. 


The sediment from all these tubes showed organisms having the morphology 
tetanus bacilli and from all them was later isolated pure culture. 


Patient Mouse. Effect the injection 0.5 cc. culture. Result. 
340 Dead next morning. Cause? 
B “ “ “ “ ? 
Died immediately after inoculation. 
B “ “ 20 “ “ “ 
399 A 48 “ “ 
B “ 48 “ 
226 Alive the end wks. spasms. 
B “ 48 “ “ 
317 Alive the end wks. spasms. 
B “ “ “ “ “ “ 
266 Dead hrs. Generalized tetanus. 
227 morning. Cause? 
24hrs. Generalized tetanus. 
172 Alive the end wks. spasms. 
B “ “ “ “ 
1496 Alive the end wks. spasms. 
1495 Dead hrs. Generalized tetanus. 
1484 Nospasms. Death was probably due 
organism other than tetanus. 
1494 Alive the end wks. spasms. 
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Bengtson and McCoy (4) have shown that the direct inoculation 
animals with smallpox vaccine containing tetanus bacilli not nearly 
delicate test for this organism the injection day fermenta- 
tion tube cultures, and our results show that this cultural test cannot 
relied upon, least when testing for tetanus bacilli when other 
intestinal organisms are present. 

all the earlier work the presence tetanus bacilli the in- 
testinal tracts various animals and soil based either results 
obtained from direct inoculation the injection impure cultures, 


must assumed that the work were repeated and tetanus-like 


organisms isolated, the percentage positive findings from street 
dirt, cattle, horse feces, etc., would probably greater than those 
already reported. 

have made only one culture from each individual and only 0.1 
gm. stool was cultured, and have relied upon the microscopic 
examination the sediments from the fermentation tube cultures for 
the first separation positive from negative stools. therefore 
feel that our percentage positive cases may too low, but 
paper be.published shortly shall show that from the blood evi- 
dence can obtained intestinal infection, and that the blood 
findings and stool examinations, have made them, agree very 
closely. 

With regard the microscopic examinations worthy note 
that over thirty stools which found tetanus-like organisms 
the first examination only one instance did fail isolate organ- 
isms that produced toxin. obtain the sediment from the fermenta- 
tion tube for microscopic examination introducing capillary 
pipette down the bend the tube, thus obtaining more the 
anaerobes than possible get with platinum loop. Practically 
all the film examinations were made after the tubes had been in- 
oculated days, but lately has been found that tetanus bacilli are 
more numerous tubes that have been incubated days. 
examining films rely mainly the morphology the organisms 
and pay little attention the Gram staining, the 4th 5th 
day most the tetanus bacilli are negative Gram’s stain. 

The results the microscopic examinations have been consistent 
that strongly urged that films should made from anaerobic 
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cultures vaccine virus the 5th 6th day incubation. or- 
ganisms having the morphology tetanus bacilli are found these 
films negative result following the injection the mixed culture into 
animals should not taken indicate that tetanus bacilli are absent 
but the tetanus-like organisms should isolated and tested for 
toxin production before the virus used man. 


Resulis the Examination Stools from Individuals. 


Using the above methods examined during April and May, 1921, 
forty-three stools patients the hospital and from eleven, 
25.6 per cent, obtained tetanus bacilli. August, September, and 
October the same year examined thirty-five more stools and from 
sixteen, 45.7 per cent, isolated tetanus bacilli. all have 
therefore examined stools and from 34.7 per cent have obtained 
organisms which their morphology and toxin-producing properties 
were tetanus bacilli. 

examination the histories the twenty-seven positive cases 
reveals little that bears the problem. With the exception one 
American they were all male Chinese the poorer class. The young- 
est was the oldest years, and their average age was 20.3 
years. Twelve them had been the hospital less than days 
and eight more than days. They had variety diseases, and 
from our point view they may taken represent the average 
Chinese the lower class. 

While our results might indicate that carriers tetanus bacilli are 
more numerous certain seasons the year feel inclined be- 
lieve that the higher percentage positive cases the last group 
due the fact that were more expert the examination. 
should therefore prefer group our cases together and say 
that Peking among the lower classes least one out every 
three individuals discharging tetanus his feces. 

Our results agree with Tulloch’s findings overseas men, and 
predict that similar results will obtained other regions where 
great numbers people live close contact with the soil. Peking 
this contact very intimate, for during the winter and spring 
very dry and windy that dust from the streets well from the 
fields outside the city (fertilized with human feces) constantly being 
taken into the gastrointestinal tract. 
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Tetanus Bacilli Intestinal Saprophyies. 


naturally became interested the much disputed question 
whether the tetanus bacillus primarily inhabitant the diges- 
tive tract claimed Sormani, whether Vincent’s contention 
correct that its main habitat outside the body and that spores found 
the feces are those taken with the food that have passed through 
the tract without germinating. 


Sormani (5) based his contention the facts that found tetanus bacilli 
the feces variety animals, and dog infected feeding, the feces showed 
tetanus spores days later though was fed sterile food and was prevented 
muzzle from taking other food licking contaminated surfaces. reasoned 
that conditions for growth were more favorable the body than outside and 
concluded that the former was its natural habitat. Vincent (6) admitted that 
tetanus spores might found the digestive tract but failed find them, 
also showed that there was destruction the spores when they were intro- 
duced into the stomachs rabbits guinea pigs whose pylori had previously been 
ligated, and that the intestinal secretions prevented the development tetanus. 
bacilliin the test-tube. also failed find evidence multiplication 
bacilli the intestinal tract rabbits hours after feeding tetanus spores. 
Since was unable show that tetanus bacilli multiplied the digestive tract 
concluded that their natural habitat must outside the body. Bombicci (7) 
and von Esmarch (8), however, found that tetanus bacilli disappeared from putre- 
fying mixtures, which against Vincent’s view that they are saprophytic organ- 
isms. Noble (9) examined the feces horse, natural carrier, over period 
months during the first months which time tetanus spores were found 
every examination, while two negative horses the same stable remained 
negative during this period though they were receiving the same food. 


had rather exceptional facilities for studying the question 
whether tetanus bacilli multiplied the digestive tract the patients 
the hospital were receiving practically sterile food. The reducing 
valves for the steam-cookers had not been installed that the steamed 
bread and rice that were the principal articles their diet were cooked 
under pressure from pounds steam. The vegetables 
were carefully washed, peeled, and then boiled for least minutes, 
While few tetanus spores might survive the latter process this 
hardly likely, and felt that could show that patients who had 
been the hospital for some length time eliminated spores, this 
would indicate that the organisms were multiplying their intestinal 
tracts. 
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While the hospital food practically sterile the patients’ friends 
undoubtedly break the rules the institution and bring food from 
the streets which might contain tetanus spores. This factor that 
could not controlled but the chances infection are much less than 
the recently admitted patients. 

Eleven stools were received from patients that had been the hospi- 
tal for some length time. The results the examination are given 
Table where will seen that from seven these eleven cases, 
63.6 per cent, that had been the hospital days longer tetanus 


TABLE II. 


Presence Tetanus Spores the Stools Patients Who Had Been Receiving 
Practically Sterile Food for Considerable Time. 
August 1921. 


Patient No. Length time hospital. Tetanus spores feces. 
days 

231 Positive. 
299 Negative. 
317 Positive. 
266 

152 

144 Negative. 
226 Positive. 
238 Negative. 
138 


Patient 172 was American. 


bacilli were isolated from the feces. addition, the bacillus was found 
case that has been the hospital 105 and another that has been 
the hospital days. Our series eleven cases small that 
not care emphasize the fact that the percentage carrriers 
(63.6 per cent), nearly twice that found our complete series (34.7 
per cent), but these results seem indicate that the tetanus bacilli 
are multiplying the digestive tracts these patients. 

next tried estimate the number tetanus spores the stools 
three carriers making known dilutions the stools and deter- 
mining the highest dilution which tetanus bacilli could found. 
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The stools were received sterile bedpans, weighed, mixed, and from 
accurately weighed portions per cent suspensions were made 
sterile salt solution. These suspensions were shaken vigorously 
break clumps and portion was transferred other sterile 
tubes that were corked and then heated kill the non-spore-bearing 
organisms. series known dilutions was then made and from each 
cc. was transferred each two fermentation tubes containing 
sugar-free bouillon plus tissue. After days incubation films were 
made and examined for tetanus-like organisms. From the tube 
containing the highest dilution feces that showed tetanus-like 
organisms anaerobic plates were made and each case pure cultures 
were obtained that produced toxin which caused the characteristic 


TABLE 
Estimation the Approximate Number Tetanus Spores Eliminated Three 
Individuals. 
time in tool 
yrs. days gm. 
158 Kala-azar. 105 10,000 
374 Tubercular osteomyelitis. 258 10,000 2,580,000 


symptoms tetanus mice and which was neutralized tetanus 
antitoxin. 

The results obtained from the examination these three cases are 
given Table III. happened that children were chosen for the 
test that their stools were small, but inconceivable that this 
great number spores was taken into the intestinal tract and passed 
through without germinating. The tetanus bacilli must have been 
established and growing the intestinal tract. 


DISCUSSION. 


discussion the methods used detecting tetanus bacilli 
mixed cultures found the body the paper and will not 
repeated here. sufficient say that the isolation the bacillus 
and the demonstration that the culture forms spasm-producing toxin 
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that neutralized tetanus antitoxin the only reliable method. 
The injection mixed cultures gives uncertain results, for while 
tetanus bacilli may present, other organisms may interfere, with 
toxin production. 

The results show that one-third the male population the vicin- 
ity Peking carries tetanus bacilli the digestive tract and that the 
bacilli probably are multiplying there. Man thus plays large 
the distribution the bacillus, for not uncommon see human 
feces deposited the streets, and human feces are used fertilize 
the fields, that dust from the streets and fields must contain great 
numbers spores that come from man. One wonders why all 
the population are not carriers the bacillus, and may that 
some time their life they are but that other organisms crowd the 
tetanus bacillus out make conditions unfavorable for its growth. 

difficult say just how these large numbers tetanus carriers 
influence the case incidence tetanus. Foreign doctors see very 
few cases infection, probably not more than European countries. 
our own hospital with large out-patient clinic and nearly 2,000 
in-patients per annum there were six cases tetanus 1919 and three 
cases 1920, and physicians who have practised China for years 
have told that they rarely see cases tetanus. have been un- 
able obtain record tetanus following typhoid fever dysentery, 
though these diseases are extremely common. Rose (10), however, 
reports several cases tetanus following typhoid Germany, and 
there are numerous reports the literature cases following hemor- 
rhoid operations, that evident that the bacilli the digestive 
tract are times able enter the body and produce their toxin. 
have seen one case tetanus following fall that ruptured the 
intestine but did not produce evident, how- 
ever, that foreign physicians China see adults very little tetanus 
due directly indirectly intestinal infection. This may 
owing the fact that the Chinese recognize the disease fatal one 
and that patients are afraid come foreign hospitals they want 
die home. the other hand, may that carrying the 
tetanus bacillus the digestive tract for some time produces rela- 
tive immunity this organism. paper published shortly 
shall produce evidence which supports this latter view. 
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While have accurate statistics think that tetanus neona- 
torum extremely common. Lennox (11) questioning hospital 
patients their past history found that 8,468 children born, 
per cent died convulsions madness. quite probable that 
many these deaths were due tetanus, the infection coming from 
the filthy dressings used the cord, and while the figures are only 
approximate they give some indication the great loss life which 
part, least, associated with the spreading tetanus bacilli 
man. 


CONCLUSIONS. 


The only reliable method that can used for the detection 
tetanus bacilli the culturing the suspected material, the isolation 
tetanus-like organisms and the demonstration that the pure cul- 
tures form spasm-producing toxin that neutralized tetanus 
antitoxin. 

Using this method have demonstrated tetanus bacilli 34.7 
per cent stools from individuals Peking. 

The tetanus bacillus growing the digestive tract, for 
present individuals who have been practically sterile diet for 
month more, and one individual may eliminate several million 
spores tetanus single stool. 
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EPIDEMIOLOGICAL STUDY RHINITIS (CORYZA) 
CALVES WITH SPECIAL REFERENCE 
PNEUMONIA. 


JONES, V.M.D., RALPH LITTLE, V.M.D. 


(From the Department Animal Pathology The Rockefeller Institute for Medical 
Research, Princeton, J.) 


(Received for publication, May 1922.) 


During the months November and December, 1921,an outbreak 
pneumonia occurred among calves dairy herd. This herd has 
been under observation since 1917 and from previous studies the 
organisms associated with pneumonia have been established. 
bald Smith! 1917 noted cases pneumonia among the calves. 
During 1919 studied twelve cases calf pneumonia. nine 
instances Bacillus actinoides was found. Bacillus bovisepticus was 
also associated with three four these. During the latter part 
October and throughout November, 1920, there occurred severe 
outbreak pneumonia? adult cows which had been shipped from 
Michigan. The disease spread other newly purchased cows and 
local and native stock. The outbreak subsided the dairy herd 
but cases were observed among the native calves. few calves born 
the Michigan cows had been taken the calf barns. was 
assumed that these calves may have carried the virus. 

has been possible microscopic and bacteriological examina- 
tion the nasal exudate calves throw some light the means 
dissemination the virus and the method which may 
maintained over considerable periods. 

previous publications was able show that the organ- 
isms associated with the outbreak the cows and infections calves 


Theobald, Exp. Med., 1921, xxxiii, 441. 

Jones, S., and Little, B., Exp. Med., 1921, xxxiv, 541. 
Jones, Exp. Med., 1921, xxxiv, 561. 

Am. Vet. Med. Assn., 1921, 271. 
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occurring throughout the late fall 1920 and the early months 
1921 differed from those obtained Theobald Smith during 1917, 
1919, and 1920. For convenience they may referred Bacillus 
bovisepticus and II. Both types are morphologically similar. 
The groups may characterized follows: 


Acid production in. 
Associated with outbreak 1920 and sporadic 


Associated with actinoides pneumonia 1917, 


Immunological grouping means agglutination affinities fol- 
lowed the cultural grouping. The serum rabbit injected with 
single Group strain agglutinated all the Group cultures but failed 
affect those other groups. specific agglutinin was also pro- 
duced for Group II. noinstance was cross-agglutination observed. 

has been stated that during November and December, 1921, there 
occurred the calves small epidemic pneumonia. Calves which 
presented symptoms pneumonia were frequently found 
suffering from coryza accompanied mucoid mucopurulent 
discharge. number those showing characteristic symptoms 
pneumonia also exhibited purulent nasal discharge. The discharge 
from several was examined and organisms possessing all the characters 
Type were obtained. The findings warranted more complete 
study. Examinations the nasal exudate all the calves the 
barn were undertaken. 


Method Examination. 


sterile swab was inserted into both nostrils for distance 
cm. Films were then prepared sterile cover-slips. The swab 
was agitated briskly cc. sterile NaCl solution. From this 
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suspension blood agar plate cultures were made. first mice were 
injected beneath the skin with small amounts the suspension and 
cultures made from lesions developing about the site injection. 
The results were the whole less value than those obtained 
the plate method, especially since Group possesseslittle pathogenicity 
for any the laboratory animals. The hemolytic properties Type 
Tin blood agar plate cultures render its recognition easy. addition, 
possible formulate fair idea the proportion bovisepticus 
other organisms. That the methods employed are not such that 
would possible detect Bacillus bovisepticus small numbers 
admitted, but was necessary utilize the material quickly 
possible especially young calves, probably bringing new infections, 
were constantly introduced into the barns. 

Colonies surrounded the narrow zone hemolysis were fished 
from the plate cultures. the microscopic examination the sub- 
cultures resembled Bacillus bovisepticus, transfers were made plain 
agar. After suitable incubation the growth was suspended 0.85 
per cent NaCl and tested against Group serum. When culture 
agglutinated with the serum the fermentation characters were defined. 

Material obtained the swabs must utilized quickly possi- 
ble. The moist swabs standing room temperature soon become 
overgrown with bacteria. Even when swabs are stored the re- 
frigerator the number specific organisms diminishes rapidly. 


Result Examinations. 


diagram the arrangement the calves the barn will serve 
illustrate the proportion calves suffering with pneumonia and 
those which were carrying Bacillus bovisepticus the nasal passages 
(Table I). The pens are separated from each other iron fence 
with spaces inches between the uprights. 

will noted that the thirty-two calves originally the barn, 
two died pneumonia. both instances typical organisms Type 
pure cultures were isolated from the consolidated portions the 
lung. these cases bacteriological examinations the nasal pas- 
sages were not made. the remaining thirty calves, eight developed 
clinical manifestations pneumonia. these, four showed 
characteristic nasal discharge from which Group organisms were 
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cultivated. Eight other calves failed show symptoms pneu- 
monia but developed mucopurulent nasal discharge. From these 
exudates Type organisms were cultivated. will noted that 
the oldest calves Pen all remained free from pneumonia and none 
developed rhinitis. Calf 673 will referred later when certain 
the experimental observations are discussed. 

The general symptoms the calves with pneumonia have been 
noted previous communication. There little disturbance 
the general health calves suffering only from the nasal infection. 
The temperature may slightly above the normal. The appetite 
remains good and there apparent digestive disturbance. The 
calf may occasionally cough sneeze, forcing out variable quantity 
exudate. The exudate composed mucus and masses strings 
polymorphonuclear leucocytes. bovisepticus found 
varying numbers, often making from per cent the 
organisms the plates. times there was visible exudate about 
the nostrils. The introduction the swab, however, may induce 
sneezing and lead the expulsion exudate. many instances 
the nostrils are kept clean licking that casual examination 
exudate was not observed although the calf suffered with more 
less severe rhinitis. 

customary this farm group calves the same age one 
pen far practicable. After they have reached certain age they 
are removed another barn. stream calves progresses 
through each barn. The barn which the outbreak occurred was 
quarantined during the epidemic. After the disease had subsided 
young calves, the majority which had been injected twice with 
killed cultures Group were introduced according routine. 
During the epidemic board partitions had been erected between 
certain pens but there remained ample opportunity for contact infec- 
tions. The next twenty-four calves introduced into this barn were 
examined frequent intervals. Among the first lot vaccinated 
calves introduced one was suffering from rhinitis. Plate cultures 
failed show the hemolytic colonies characteristic Group al- 
though large proportion the colonies were similar. Suspicion 
was once aroused that another group had been introduced. Such 
proved the case. typical Group organism was identified. 
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From this time onward practically all calves placed this barn 
developed rhinitis. twenty-one instances cultures which fall 
into Group have been obtained. 

has been found that the solubility bile this class 
organisms has been assistance making identifications. soon 
these organisms were recognized, killed cultures Group were 
included the vaccine. The nasal infections with Group con- 
tinued and were apparently not influenced the vaccine. 

Group organisms reappeared and were recognized certain the 
newly introduced unvaccinated calves days after the quarantine 
was lifted. fatal case pneumonia developed and two cases 
rhinitis occurred. The source this infection obscure. 


Although the bacteriological and microscopic findings indicated the 
presence Bacillus bovisepticus within the nasal passages associated 
with characteristic purulent exudate, the possibility other organ- 
isms the primary etiological agent could not excluded. More 
complete studies than those made the spontaneous cases were 
desirable. With this view number experiments were 
undertaken. 


nasal passages was brushed with sterile swabs, films and salt solution suspensions 
for plate cultures were made from each swab. The films when stained with 
methylene blue failed show leucocytes organisms resembling bovisepticus. 
Methods similar those employed the herd observations were used the 
experimental studies. was felt that suspending the material from the 
swabs the same amount salt solution each examination and using the 
same amount the suspension for the preparation the plates adequate idea 
the increase decrease the organisms could obtained. The cultures used 
for inoculation were all isolated month. They had been passed through 
three successive passages horse blood agar. 

Dec. 22,5.15 p.m. The septum the right nasal passage was brushed with 
sterile swab which had been dipped hour bouillon culture and then brushed 
over the surface blood agar culture bovisepticus (Type obtained from 
the nasal passages calf. 

Dec. The calf appeared well. There was visible discharge from the 
nostrils. Insertion sterile swab into the right nostril induced sneezing. 
considerable mass yellowish white, viscid material was ejected. The material 
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was composed largely densely packed masses leucocytes. Characteristic 
bipolar encapsulated rods were observed the stained films. Blood agar plate 
cultures from the suspension revealed moderate number Type colonies 
practically pure culture. Material from the left nostril failed show either 
leucocytes bovisepticus. The highest temperature recorded this day 
was 

Dec. 24. There was considerable purulent discharge from the right nostril. 
Stained films revealed masses leucocytes and characteristic bovisepticus forms 
large numbers. The plate cultures revealed numerous characteristic colonies. 
Films from the left nostril revealed few leucocytes. The plate cultures did not 
show colonies ‘The temperature was normal. 

Dec. 25. Considerable purulent discharge from both nostrils was noted. The 
films from the right nostril revealed leucocytes enormous numbers. The plate 
cultures showed more colonies than the preceding day. Preparations from 
the left nostril contained leucocytes considerable numbers. certain in- 
stances polymorphonuclear leucocytes which had taken characteristic rod-like 
organisms were encountered. Colonies bovisepticus did not develop the 
plate cultures. The temperature varied between 38.5° and 38.8°C. 

Dec. 26. Purulent exudate from both nostrils. bovisepticus large 
numbers plate cultures from the right nostril. 

Dec. and maximum temperature 40°C. was recorded. 

Dec. 28. The condition was unchanged. About the same number colonies 
bovisepticus the plates from the right nostril. After this date the tempera- 
ture gradually declined until the normal was reached. 

Jan. Right nostril showed purulent exudate. Film showed leucocytes 
great numbers and moderate number Plate cultures showed 
about the same number colonies observed Dec. 28. There was visible 
exudate from the left nostril. Films revealed very few leucocytes. The plates 
were negative. 

Between Jan. and 10, the amount exudate from the right nostril gradually 
diminished. Jan. 10, material obtained from this nostril contained only 
occasional leucocyte. was not observed the films nor obtained 
from plate cultures. 

Jan. calf was reinoculated the left nostril with the same culture. 
purulent discharge was observed Jan. bovisepticus was observed 
the films and plate cultures but small numbers. The nostrils were examined 
daily for the next few days but bovisepticus could not obtained from the 
plate cultures. 

During this experiment the general condition the calf was unaffected. There 
was, however, slight temperature disturbance during the height the disease. 

Experiment preceding experiment was repeated. Jan. 11, 1922. 
Calf 697 (aged days) was inoculated the left nasal passage with sterile swab 
dipped culture. Within hours there was considerable purulent discharge 
from both nostrils. The organisms were found the exudate from both nostrils 
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the 2nd day after inoculation. The greatest numbers were recorded between the 
2nd and 5th days. last record their presence plate cultures was the 
12th day. interest the fact that bovisepticus appeared the plates 
relatively pure cultures. expected that few air forms, streptothrix 
and molds, will cultivated from the nasal passages herbivora since they make 
considerable proportion the organisms found hay and straw. After the 
12th day all examinations were negative. the whole, the conditions seemed 
more severe the case this calf. The exudate was more copious. The general 
condition remained unchanged although slight temperature disturbances were 
recorded. 


opportunity was afforded for observations spontaneous 
transmission the instance Calf 673 (Table I). The calf was 
known free from Type infection when placed pen adjoin- 
ing calves showing characteristic rhinitis. days there was 
temperature disturbance. Examination after days showed 
the characteristic purulent discharge. Plate cultures from the nasal 
exudate revealed that per cent the organisms were Type 
bovisepticus. This calf never manifested symptoms pneumonia. 
The organisms subsequently disappeared from the nasal passages. 

These experiments clearly establish the findings within the herd 
that the rhinitis met with during the small outbreak pneumonia 
may attributed infections with Group 

have called attention our failure find Type bovisepticus 
the nasal passages freshly introduced calves after the outbreak had 
subsided. The rhinitis continued throughout the months Decem- 
ber and January but nearly every instance organisms recognized 
Group were obtained. number instances calves recently 
introduced into these pens would fail show either leucocytes 
Bacillus bovisepticus the nasal secretion. week later many 
them would have developed purulent nasal discharge and Bacillus 
bovisepticus would appear the plates. Injection with vaccine 
containing killed cultures this organism failed protect against 
such infections. ascertain whether the organisms Group 
were capable causing these manifestations, two calves were inocu- 
lated the preceding experiments. Pure cultures recently ob- 
tained from the nasal discharges were employed. 


Experiment 3.—Jan. 26, 1922. The mucosa the right nostril Calf 715B 
(21 days old) was brushed with swab immersed hour bouillon culture and 
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then smeared over the surface hour blood agar slant typical Group 
strain. 

Jan. There was exudate but films from the swab 
cytes masses and few bovisepticus-like forms. The plate cultures failed 
show suggestive colonies. The films from the left nostril revealed only epithelial 
cells and few cocci. 

Jan. 28. There was visible exudate. The swab from the right nostril 
showed purulent exudate. masses and moderate number char- 
acteristic rods were present the films. The plates revealed considerable 
number colonies, least per cent which resembled bovisepticus. Material 
from the left nostril did not contain leucocytes bovisepticus. 


Jan. 30. The right nostril contained small quantity thick, yellow, purulent 


exudate containing leucocytes masses and large numbers characteristic rods. 
The plate cultures were largely made bovisepticus II. The secretion from 
the left nostril failed contain leucocytes characteristic organisms. 

Jan. There was purulent exudate the swab from the right nostril. The 
organisms were more numerous the plate cultures. 

Feb. There were leucocytes the material obtained the swab from the 
right nasal passage. The plate cultures showed only about half many colonies 
Jan. 31. 

Feb. Relatively few leucocytes the secretion from the right nasal passage. 
bovisepticus still made per cent the colonies. The swab from the left 
passage failed show leucocytes characteristic colonies. 

Feb. bovisepticus still persisted the right nostril. They were still 
present Feb. 15. 

Experiment 757, days old when inoculated the left nasal passage 
with culture obtained from the nasal exudate calf. general the 
course the infection paralleled that Calf 715B. The exudate was purulent 
during the first The organisms were most numerous days after inocula- 
tion. After days the exudate contained only few leucocytes but still con- 
tained the organism. From the right nasal passage was not possible obtain 
bovisepticus the plates. 

Neither these calves showed systemic reaction. The temperature remained 
well within the normal limits. 


From the experiments appeared that Group organisms when 
introduced into the nasal passages increase number for days. 
After this maximum reached there sharp decline and most 
instances the organism can longer cultivated after days. 
With Group the organisms persisted after the disease had subsided. 

were possible show that organisms both groups were not 
entirely eliminated from the nasal passages certain individuals 
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after considerable periods, would possible explain the sudden 
appearance and disappearance pneumonias the herd. With 
this view all calves which had suffered from rhinitis were reexamined 
during the latter part February and early part March, 1922. 
two cases (Calves 1234 and 1235, Table Type organisms were 
still present the nasal passages 113 and 121 days after their first 
discovery. another instance calf infected during January, 1922, 
was known have carried the organisms for period days. 
About the same proportion calves continued carry Group 
sixteeen calves reexamined, four continued harbor 
Group organisms within the nasal passages after periods 50, 66, 
66, and days. seems reasonable conclude that certain calves 
may become carriers both groups for indefinite periods. must 
borne mind that the methods employed are such that carriers 
small numbers organisms may overlooked. 


DISCUSSION. 


The observations are considerable interest certain respects. 
possible divide the calves the outbreak associated with 
bovisepticus Group into four lots. Those that were most susceptible 
the infection died diffuse pneumonia. larger number, more 
resistant perhaps, developed severe clinical manifestations and ap- 
parently recovered. Still others failed develop any symptoms 
grave respiratory disturbance but suffered from coryza. These 
animals were exposed the same general environment the others 
but for some reason were more resistant. Scattered throughout the 
pens were other calves that failed present any manifestations 
infection. addition these there remain the oldest calves 
Pen organisms were not found the nasal passages nor 
was pneumonia observed among them. calves were born 
May and June, 1921. They may have been exposed cases these 
months and developed certain degree known that 
sporadic cases occurred this barn during the spring 1921. 

greater interest the ability both types organisms exist 
specific instances the nasal mucous membrane. From the 
epidemiological point view this considerable significance. 
Group capable producing severe pneumonia mild infection 
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the nasal passages. Two calves which suffered only from the 
rhinitis have continued carry these organisms the nasal passages 
for several months. possible explain the sudden outbreaks 
calves the winter months exposure and infection from the 
mild cases rhinitis carriers. The may 
applied some the outbreaks among cattle which have been 
shipped. Often cows and steers for shipment are purchased from 
several sources. After they have been assembled they are loaded 
and shipped. The inclusion carrier mild case rhinitis 
would afford ample opportunity for infection. This especially 
true when the conditions shipment are considered. There 
ample opportunity for considerable lowering resistance, especially 
during the colder months the year. 

Newsom! discussing the various forms hemorrhagic septicemia 
sheep describes acute type (septicemic) and the more chronic 
types, such the pulmonary, enteric, and cerebral forms. For the 
sake completeness calls attention chronic catarrhal disease 
the nasal passages sheep, although states that hasnodefinite 
knowledge that form hemorrhagic septicemia. 

There are few data relative the pathogenicity organisms be- 
longing Group II. the observations this particular herd they 
have not been regarded the prime factor pneumonias either 
cows calves. Further observations establish their relation 
pneumonias calves are necessary. They have been found 
Theobald Smith calves infected with Bacillus actinoides. has 
been possible show that Group associated with mild rhinitis 
which communicable from infected healthy calves. 

Some the characters possessed both types render their recog- 
nition easy. The narrow hemolytic zones about the deep colonies 
Type horse blood agar plates are important character. After 
the study many strains was found that cultures the proper 
morphology which were hemolytic and agglutinated with the Group 
serum possessed the fermentation characters the cultural group. 
Bile solubility affords ready method distinguishing the members 
Group II. From present indications seems safe consider 


Newsom, E., 23rd Ann. Rep. Livestock San. Assn., 1919, 203. 
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that those organisms which are bile-soluble and agglutinate with 
Group serum will fall into specific cultural group. 

Early the course the study was hoped that would 
possible type the organisms obtained means swabs from out- 
breaks occurring some distance from the laboratory. was found 
that material obtained the swabs rarely showed viable bovisepticus 
types after hours the refrigerator. Material standing 
room temperature was soon overgrown with other organisms and 
became valueless for diagnostic purposes. 


SUMMARY. 


During the month November there occurred outbreak 
pneumonia among the calves large dairy. Thirty-two calves 
one barn were exposed the disease. Ten clinical cases developed. 
Two died diffuse pneumonia. From these Group 
organisms were obtained autopsy. Four affected with pneumonia 
and eight other calves which failed show symptoms pneumonia 
developed purulent rhinitis. From the nasal exudate these cases 
Group organisms were cultivated. The characteristic rhinitis was 
reproduced experimentally brushing the nasal mucosa with 
swab dipped culture. Certain the calves which suffered from 
the spontaneous rhinitis continued carry the organisms the 
nasal passages for periods long 121 days. 

After the first outbreak had subsided practically all calves intro- 
duced into this barn developed milder type rhinitis associated 
with organisms Group bovisepticus. per cent such calves 
continued carry the organism the nasal mucosa for periods 


days. was possible induce nasal infection calves with 
pure cultures this organism. 
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MIXED CULTURES PURE STRAINS FIBROBLASTS 
AND EPITHELIAL CELLS. 


ALBERT EBELING, M.D., ALBERT FISCHER, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


18. 
(Received for publication, May 1922.) 


For years the question dedifferentiation transformation 
tissue cells into indifferent embryonic cell type when cultivated 
vitro has been under discussion. cultivated kidney tissue, 
and found that its structure changed; indifferent tubules were formed 
which later lost their renal and finally their epithelial characteristics. 
From this and other experiments, concluded that embryonic tissue 
cells cultivated vitro dedifferentiate sooner later, sometimes after 
few hours. Uhlenhuth? showed that tapetum cells from the retina 
changed their typical epithelial character with modifications the 
consistency the culture medium. found 
lial cells were allowed grow embedded the clot, their shape 
changed from polygonal fusiform. Therefore, under these condi- 
tions, cultures epithelial cells looked like cultures fibroblasts, 
but under high magnification, there was difficulty distinguish- 
ing epithelial cells from fibroblasts. Although the epithelial cells 
proliferating the clot are spindle-shaped, they have peculiar way 
growing close each other (pavement-like), which not true 
fibroblasts. previous article,* was shown that epithelial cells 
pure cultures still remained typical after more than months. The 
morphological characteristics the cells did not change long 
the strain was kept under constant cultural conditions; that is, 
the free surface the plasma clot under film embryonic tissue 
juice. 


C., Bibliog. Anat., 1913, xxxiii, 184. 
Uhlenhuth, E., Exp. Med., 1915, xxii, 76. 
Fischer, A., Exp. Med., 1922, xxxv, 367. 
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order settle the question dedifferentiation, was thought 
interest determine whether epithelial cells and fibroblasts could 
distinguished from one another after they had been allowed togrow 
side side the same culture for several generations. 


Technique. 


Fragments the strains fibroblasts and epithelium were culti- 
vated side side under identical conditions After hours, 
distinct difference was observed the character the growth 
the two fragments. The epithelium grew compact mass, with 
the individual cells close contact. The fibroblasts migrated into 
the culture medium and formed network. the fixed preparations 
stained with methylene blue, was not possible determine def- 
initely whether any amalgamation the two cell types took place 
after the growth from both fragments had united. more striking 
result was obtained the Van Gieson method. Then, fragments 
month old strain epithelium and year old strain 
fibroblasts were cultivated together for several generations. After 
few passages, the fibroblasts overgrew the epithelial fragment, 
covering completely. The combined culture showed peripheral 
growth composed fibroblasts, and the only apparentindication the 
presence epithelium was that the central portion the culture 
appeared semitransparent and homogeneous, and not dense and 
opaque typical culture pure fibroblasts which had not been 
divided for the same number generations. this stage, the 
mixed cultures were divided and subcultures made. These turn 
were allowed grow for hours, and were again divided through 
the central portion. This procedure was continued for seven genera- 
tions and then the preparations were fixed, sectioned, and stained 
Van Gieson’s method. The sections showed typical epithelial and 
connective tissues, found the organism. The epithelium ap- 
peared greenish yellow contrast with the connective tissue, which 
appeared pink and contained many fibrille which were stained 
marked pink. parts the section showed amalgamation 
the two cell types. The epithelial cells were everywhere distinctly 
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differentiated. many places definite structural arrangement 
the cell elements was observed (Fig. 2). The epithelial cells had 
grouped themselves form tubules with distinct lumina. several 
the sections, the lumina could seen filled with homogeneous 
colloidal secretion (Fig. arrangement the epithelial cells 
forming the tubules resembled the conformation found sections 
salivary glands. The individual cells which formed the tubules had 
their nuclei disposed close the basal membrane. 

some parts the section, epithelial cells could seen penetra- 
ting the surrounding layer fibroblasts and appearing the free 
surface the tissue fragment. other parts, large masses 
amorphous material (dead epithelial cells and secretions), surrounded 
layer low epithelium, could observed (Fig. 2). 


DISCUSSION. 


These experiments show that epithelium cultivated for months 
vitro retained its morphological characteristics which differed 
decidedly from those fibroblasts. But still more striking fact 
was observed; namely, that the differential Van Gieson stain brings 
out the chemical difference between the two cell types when they 
are allowed grow The epithelium was observed have 
formative ability; the epithelial cells arrange themselves 
winding tubules. This has already been mentioned earlier 
report which the epithelial cells, cultivated the 
free surface the clot, grew single layer and were described 
organizing themselves structures which closely resembled cross- 
sections glands. The experiments herein described confirm this 
statement, since the tubular arrangement may followed throughout 
serial sections. 

states that strains cells can cultivated for any 
length time vitro without change occurring their morphologi- 
cal characteristics. have shown that and epithelial 
cells? may cultivated pure cultures for long periods without 
dedifferentiation. Therefore, this case seems that Champy’s 


H., Exp. Med., 1922, xxxv, 755. 
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statement does not confirm the experimental data. the other 
hand, also states that epithelial cells the presence connective 
tissue cells not dedifferentiate. fact fully substantiated 
the present work. 

The foregoing experiments have made possible analyze more 
accurately the character the growth epithelium vitro. When 
the fragment cultivated upon the surface clot, the growth 
characterized the formation membrane, the individual cells 
are polygonal, and their growth resembles pavement epithelium. 
This the typical formation obtained surface cultivation. When 
the fragment cultivated the clot, the growth seems depend 
upon the existing condition within the medium and the disposition 
the embedded fragment. When the cells are allowed invade 
the medium uniformly, extensive membrane formed, very much 
like that obtained surface growth (Fig. 4), but the individual cells 
are spindle-shaped (Fig. and not polygonal. the condition 
the coagulum prevents the uniform outgrowth new cells from the 
mother fragment, then the cell invasion characterized the forma- 
tion branching tubules various forms, but essentially the arrange- 
ment the growing cells such form more less organized 
structure resembling hollow tubes (Fig. growth and migra- 
tion epithelial cells seem much more dependent upon the 
mechanical conditions than those fibroblasts. 

When growth occurs membrane formation, rapid and exten- 
sive. When the tubular type results, the rate growth markedly 
slower and the actual increase mass small, although the length 
the tubular outgrowth may extensive. 

Now that has been proved that epithelium and fibroblasts cul- 
tivated vitro remain two different types cells, with individual 
characteristics, innumerable experimental possibilities are opened. 
obvious that the study their respective interactions under 
different experimental conditions will lead interesting findings. 


CONCLUSIONS. 


Strains epithelium and fibroblasts cultivated side side 
the same medium keep their individual characteristics. sec- 
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tioned and stained the Van Gieson method, the cultures show 
the epithelium stained greenish yellow and the fibroblasts and 
their fibrille pink. 


There are transition forms between the epithelial cells and 
fibroblasts. 

The epithelial cells belonging older strain are still able 
form primitive structures winding tubules, with typical glandular 
epithelium. 

Under the conditions the experiments, dedifferentiation 
takes place. 


EXPLANATION PLATES. 


15. 


Fic. Experiment 1532-4. Culture fibroblasts and epithelial cells culti- 
vated together, after hours incubation. Stained with methylene blue. 
fragment year old strain fibroblasts; fragment month old 
strain epithelium. about 20. 

Fic. Experiment Section through mixed culture year 
old strain fibroblasts and month old strain epithelium. The preparation 
was fixed and stained Van Gieson’s method after having undergone seven 
passages vitro. glandular arrangement epithelial cells surrounded 
fibroblasts; network fibroblasts and bundle area degener- 
ated epithelial cells surrounded low epithelium. 120. 


16. 


Fic. Experiment 1387-1. Another section through the same culture Fig. 
glandular arrangement epithelium; lumina; C,a lumen filled with secre- 
tion; waved connective tissue fibrille; characteristic position the nucleus 
the cell appears secretory epithelium. Stained Van Gieson’s method. 
400. 


Fic. Experiment 25970-2. Seventeenth passage pure culture epithe- 
lium growing ina membrane. Fragment cultivated embedded the clot. Fixed 
and stained with Azur after hours incubation. about 80. 


18. 


Fic. Experiment Same preparation Fig. individual 
cells appear spindle-shaped and flat. about 200. 

Fic. Experiment Thirteenth passage pure culture epithelium 
growing embedded the clot. The new growth appears solid processes and 
tubules. Stained with about 160. 
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(Ebeling and Fischer: Fibroblasts and epithelial cells.) 
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THE JOURNAL EXPERIMENTAL MEDICINE VOL. XXXVI. PLATE 16. 


(Ebeling and Fischer: Fibroblasts and epithelial cells.) 
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(Ebeling and Fischer: Fibroblasts and epithelial cells:) 
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PLATE 18. 
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(Ebeling and Fischer: Fibroblasts and epithelial cells.) 
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THE RELATION BETWEEN THE ACCUMULATION 
GLOBULINS AND THE APPEARANCE AGGLU- 
TININS THE BLOOD NEW-BORN 
CALVES. 


(From the Department Animal Pathology The Rockefeller Institute for Medical 
Research, N.J.) 


(Received for publication, April 10, 1922.) 


Recent work has demonstrated with regard the agglutinins 
Bacillus abortus that the blood the normal new-born calf before 
has received colostrum does not contain agglutinins. the calf 
receives colostrum from cow with high titer for 
agglutinins will appear the blood relatively short time (1). 
Furthermore, the blood new-born calf before has suckled does 
not contain appreciable quantities protein precipitated con- 
centrations sodium sulfate which are less than 17.4 per cent 
whereas after has ingested colostrum these proteins will present 
relatively large amounts (2). The ingestion milk does not result 
the increased appearance the two globulin fractions the blood. 
The data presented this paper bear upon the relation which exists 
between the appearance the agglutinins and the accumulation 
globulins the blood new-born calves and upon the protein 
fractions the colostrum and blood with which the agglutinins 
are associated. 


The Simulianeous Appearance Agglutinins and Certain Globulins 
the Blood New-Born Calves. 


Presentation Data.—The method collecting the samples 
blood, and the determination the agglutinin titer blood and 
colostrum have already been presented The procedure for the 
determination the proteins blood and colostrum has also been 
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given (2, 5). The accompanying tables contain representative 
data. 

The data contained Table illustrate the rapidity with which the 
agglutinins and globulins are absorbed the new-born calf. 
the first case (calf Cow 664), agglutinin titer 1:80 obtained 


TABLE 


Data Showing the Changes the Agglutinin Titer and the Proteins the Blood 
Calves Following the Ingestion Colostrum.* 


Total Pseudo- Pseudo- Total Non- 
Calf Cow 664. 
Calf allowed suckle dam. 
hrs. 0.896 0.098 0.218 0.115 0.431 0.391 0.073 1:80 
days. 1.352 0.333 0.469 0.149 0.951 0.367 0.034 


Calf Cow 411. 


Dam’s blood. 1.135 0.090 0.286 0.119 0.495 0.606 0.034 
min. 0.759 0.068 0.154 0.222 0.460 
Calf allowed suckle 
1hr., min. 0.700 0.073 0.149 0.222 0.422 0.077 |1:40 
0.802 0.038 0.094 0.171 0.303 0.422 1:640 


Results this and the accompanying tables are expressed grams nitro- 
gen 100 cc. blood, and the highest dilution which agglutination was 
positive. 

The composition the first colostrum was follows, expressed grams 
nitrogen per 100 cc. centrifuged colostrum: total nitrogen 2.747, euglobulin 
0.899, casein 1.097, pseudoglobulin 0.03, pseudoglobulin 0.154, albumin 
0.224, non-protein 0.074. 


within less than hours. the same time the amount pseudo- 
globulin has increased from 0.072 gm. nitrogen per 100 cc. 
blood 0.218 gm. nitrogen and the euglobulin has increased 
like proportion; about hours later analyses showed further increases 
both the agglutinin titer and the globulin content the serum. 
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the second case (calf Cow 411), the increase the globulin 
content not rapid but the agglutinin titer much higher. With 
both animals absorption agglutinins accompanied 
increased amount globulin the blood. 

The effect withholding colostrum from calves for short period 
time shown the first portions the data contained Table 
II. From inspection the data evident that when colostrum 
withheld from calf and ordinary milk given, neither the agglu- 
tinins nor the globulins appear the blood appreciable extent 
for least hours. this time calf which has received colostrum 
soon after birth will have accumulated considerable quantity 
globulin its blood and also agglutinins, they are present. 

When colostrum fed the end hours, three cases! 
agglutinins appear the blood and there very definite increase 
the concentration euglobulin and pseudoglobulin (calf Cow 
3401, Table and euglobulin and pseudoglobulin the case 
the calf Cow 

There difference between the calf Cow 3401 and the calf 
Cow 627 that the first case the calf received milk which had been 
refrigerated for approximately hours and then warmed, and later 
another milking colostrum was fed which had been held only 
hours before feeding. The calf Cow 627 suckled another cow (No. 
626) immediately after bleeding hours. The agglutinin titer 
the blood each these cases reflects the titer the colostrum 
which the calf ingested. 


third case not reproduced here but found previous publication 
This calf received ounces colostrum, which had been refrigerated 
and warmed before was fed, approximately hours after birth, and later 
ounces colostrum approximately hours after,birth. The agglutinin titer 
the blood serum was negative birth and first gave reaction 284 hours, 
1:160; hours the titer was 160, and hours was 1:320. 

the time the blood this calf was analyzed the presence two pseudo- 
globulins had not been established for the analtyical procedures used, and analyses 
were not made 17.4 per cent sodium sulfate. The data presented represent 
pseudoglobulins and II. Analyses made later these samples showed the 
presence pseudoglobulin following the ingestion colostrum and the essential 
absence this protein before receiving colostrum. The data are not given since 
they are definitely open question. 
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TABLE 


Data Showing the Changes the Agglutinin Titer and the Proteins the Blood 
Calves Following the Ingestion Colostrum. Effect Withholding 
Colostrum for Number Hours. 


Pseudo- 
globulin 


Pseudo- 
Total 


nitrogen. 


Total 


Age calf. globulin. 


Albumin. 


globulin. 


nitrogen. 


Aggluti- 


Non- 
Protein 


Calf born low titer cow (No. 3401), restrained from taking colostrum until after 
two blood examinations, then fed colostrum which had been refrigerated and warmed. 


Titer colostrum 1:160. 


1hr., min. 0.805 0.000 0.001 0.102 0.289 0.463 

Fed ounces colostrum which had been refrigerated and warmed. 

Fed colostrum 1.30 p.m. taken from dam 5.30 


hrs. 1.046 0.131 0.228 0.149 0.508 0.481 


0.053 
0.048 


0.044 1:20 
0.057 1:40 


0.070 1:40 
0.066 1:20 


Calf Cow 627. Restrained from taking colostrum until after three examinations 
blood, during which time was fed milk free from agglutinins, then allowed suckle 
high titer cow (No. 626) which had given birth calf the same day. Titer colostrum 


SOmin. 0.652 0.053 
Calf placed with Cow 626immediately after bleeding. 


0.173 0.416 
0.175 0.222 0.328 
0.173 0.207 0.378 


hrs. 0.648 0.136 0.170 0.306 0.302 
0.839 0.191 0.186 0.377 0.409 
0.778 0.130 0.178 0.308 0.431 


0.052 
0.048 
0.053 
0.035 1:640 
0.053 1:640 
0.053 1:640 
0.039 1:1,280 
0.053 


Calf born high titer cow (No. 634), restrained from taking colostrum until after 
three blood examinations, during which time received milk free from agglutinins, then 
fed the dam’s colostrum which had been refrigerated and warmed. Titer colostrum 


before refrigeration 1:640. 


hrs. 0.774 0.021 0.271 0.292 0.438 
30min. 0.660 0.039 0.166 0.205 0.407 


Calf received ounces colostrum immediately after bleeding. 


hrs. 0.791 0.126 0.197 0.233 0.420 
0.772 0.096 0.140 0.236 0.483 
0.843 0.077 0.200 0.277 0.523 
days. 0.832 0.094 0.212 0.268 0.489 
0.717 0.065 0.175 0.240 0.429 
0.740 0.084 0.175 0.259 0.438 
0.730 0.095 0.184 0.279 0.407 


0.053 
0.044 
0.048 


0.048 
0.053 
0.053 
0.044 
0.048 
0.043 
0.044 


*The remaining data this column refer pseudoglobulin plus pseudo- 


globulin 
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The third case this series (calf Cow 634) received colostrum 
which had been refrigerated for approximately hours, and showed 
but slight increase the globulin content the blood and ag- 
glutinins. The remarks just made with regard the analysis the 
blood the calf Cow apply this case. The globulin con- 
tent the colostrum was not determined. say, 
therefore, whether the failure obtain marked rise the globulin 
content the blood serum was due the low globulin content the 
colostrum, the effect refrigeration, the age the calf. 
The latter condition would seem ruled out the results the 
other two experiments and Calf previously reported (2). Sub- 
sequent data indicate that the composition the colostrum does 
have relation the kind and quantity globulin which appears 
the blood. 


DISCUSSION. 


definite relation between the absorption globulins and the 
absorption agglutinins new-born calves brought out the 
data presented. The absorption euglobulin and pseudoglobulin 
process independent the presence absence agglutinins 
for Bacillus abortus. Whether not agglutinins can obtained, 
and absorbed independent the globulins not know, but 
appears doubtful from the work investigators who have studied 
the chemistry immunity. have fractioned samples milk 
with high agglutinin titer which did not contain marked increase 
globulin content, but the agglutinins were removed concentra- 
tions salt which remove the globulins. 

From the data presented evident that the agglutinins which 
the new-born animal acquires the ingestion colostrum are 
associated with the direct absorption the globulins colostrum. 


There are numerous references the literature the absorption unchanged 
foreign protein based upon biological tests. With regard the absorption 
colostrum have the work Langer, Bauer, and Bauereisen. Langer (6) 


euglobulin meant protein precipitated from serum colostrum 14.0 
14.2 per cent sodium sulfate, 14.2 gm. sodium sulfate contained 
100 cc. solution 37°C., and pseudoglobulin meant protein precipitated 
between 14.2 and 17.4 18.4 per cent sodium sulfate and exclusive casein 
the case colostrum. 


= 
4 


296 GLOBULINS AND AGGLUTININS 


demonstrated, means the precipitin reaction, the absence substances 
the blood the new-born calf which would react with colostrum antiserum, 
whereas colostrum antiserum and cow blood did react. After suckling, and 
early hours after suckling, substances appeared the blood the calf which 
reacted with colostrum antiserum. The maximum content reacting sub- 
stance was reached the 2nd day, after which the values were relatively constant. 
new-born calf allowed suckle cow which had given birth weeks previously 
did not have its blood, after hours, substances which would react with colos- 
trum antiserum. Langer concluded that the blood the new-born received 
from colostrum certain additions direct absorption which made the blood 
similar composition that its mother. 

Bauer (7) presented evidence for new-born infants, based upon the complement 
fixation test, similar that Langer’s. concludes, however, that since 
all children contain the acquired substance within the first months matter 
what the diet may be, that the acquired protein formed and increases during 
early life. the other hand, Bauer used antiserum the soluble proteins 
cow’s milk and obtained reactions with the blood the new-born calf which had 
not suckled. From this observation concluded that calf birth more 
advanced its development than the infant. 

Bauereisen (8) studied, with the precipitin reaction, the problem the relation 
blood the new-born the blood the mother, colostrum, and 
milk. conducted his experiments with reacting substances equal protein 
content, since the blood the new-born low protein, and likewise milk, 
compared with colostrum. Under such conditions Bauereisen the blood 
from the umbilical cord calves give identical reactions with the antisera 
colostrum, milk protein, and casein. Antisera blood obtained from the um- 
bilical cord did not give high titer. However, colostrum antiserum precipitated 
the blood from the umbilical cord infants. concludes, therefore, that the 
substances present the blood the mother are also present the blood the 
unsuckled new-born infant. The difficulties the previous had 
been the difference the protein content the two bloods. 


remembered that the work just reviewed the investiga- 
tors were working with mixtures proteins, with the exception 
casein, and some the data suggest that even the casein was impure. 
Bauereisen was probably correct his deductions from his experi- 
mental data, but from the results presented here and that Howe 
(2) evident that Langer was correct assuming that the new- 
born animal receives from colostrum certain additions its blood. 
These additions are, have shown, globulin fractions, the frac- 
tions which carry agglutinins. There are other, quantitative, differ- 
ences between the serum the new-born and that the adult, some 
which hope present the near future. 
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Es 


The Protein Fractions Colostrum and Serum with Which the 
for Bacillus abortus Are Associated. 


Presentation Data.—Samples colostrum and serum with 
high agglutinin titers for abortus were fractioned with sodium 
sulfate 37°C. determine the protein fraction fractions which 
would contain the agglutinins. Proteins when precipitated are 
readily soluble water and the adherent salt. The general procedure 
for the separation protein fractions was precipitate small quan- 
tities, 0.5 1.0 cc. colostrum serum, with various concentrations 
sodium sulfate, wash the precipitate with the concentration 
sodium sulfate used precipitation, and then dissolve the precip- 
itated protein known quantity distilled water. The final 
concentration the protein was then known within approximate 
limits; the assumption was made that the quantity water retained 
the filter after dissolving the precipitate was the same that which 
was present after filtration and washing. The protein solutions con- 
tained sodium sulfate variable amounts which depended upon the 
concentration sodium sulfate used. That this salt did not 
itself cause agglutination nor inhibit agglutination the high dilu- 
tions was demonstrated control experiments which the concen- 
trations sodium sulfate employed for precipitation were used and 
tests upon filtrates from precipitations which completely removed 
the agglutinins. some cases the proteins were reprecipitated and 
again tested for agglutinins. The procedure followed testing for 
agglutinins has been described elsewhere (3). Representative data 
serum and colostrum are contained Tables IX. 

The removal agglutinins from serum sodium sulfate precipita- 
the agglutinin value the protein precipitated from serum various 
concentrations sodium sulfate, and also the original filtrates 


‘from such precipitations. One set data the complement the 


other. evident that considerable proportion the agglutinins 
removed 14.5 per cent sodium sulfate and that complete re- 
moval accomplished 16.4 per cent sodium sulfate. Similar 
results are shown Table IV. this case, however, instead 


TABLE 


The Titer Protein Fractions from Serum, Separated with Sodium 
Sulfate Definite Concentrations, and the Filtrates from These Separations. 


Dilutions. 
1:20 1:40 1:80 1: 160 1:320 1: 640 
per cent 
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examining the filtrate from the original precipitation directly, the 
agglutinin titer the protein precipitated per cent sodium 
sulfate was employed; this concentration all agglutinins have been 


TABLE 


The Agglutinin Titer Protein Fractions from Serum Which Were Precipitated with 
Sodium Sulfate and the Protein the Precipitated Increasing the 
Concentration Sodium Sulfate Per Cent.* 


Dilutions. 


per cent 
Filtrate protein. 


The solutions the precipitates produced 14.5, 15.5, and 17.4 per cent 
sodium sulfate contained dark precipitate the following day which was 
removed centrifugation. 


removed every case studied; fact, 16.4 per cent sodium sul- 
fate usually sufficient. 

Data relating the removal agglutinins from colostrum are 
contained Tables IX. The data Table illustrate the 
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TABLE 


The Titer Protein Fractions from Colostrum, Separated with Sodium 
Sulfate, and the Filtrates from These Fractions. 


Dilutions. 
1:20 | 1:40] 1:80 1:1,280 | 1:2,560 | 1:5,120| 1:10,240 


Filtrates. 


| 
Q 
3 
. 


MARION ORCUTT AND PAUL HOWE 301 


TABLE V—Concluded. 


Dilutions. 


Filtrates. 


Na2SOu, per cent 


extent which the agglutinins are removed each concentration 
sodium sulfate. The agglutinin titers the precipitates increase 


approximately 16.4 per cent sodium sulfate. considerable: 


proportion the agglutinins precipitated with the proteins separat- 
ing 12.5 per cent sodium sulfate. The precipitates these 
cases were obtained from cc. colostrum and were washed four 
times with sodium sulfate solutions the concentrations used 
precipitating them. The titrations the filtrates from the original 
precipitations show that the agglutinins have been completely re- 
moved 17.4 per cent sodium sulfate, concentration which pre- 
cipitates all the protein which have assumed pseudoglobulin 
The demonstration the complete removal agglutinins 
examination the protein contained the filtrates, such was done 
for serum (Table IV), contained Table 

There possibility the procedures followed separating the 
protein fractions that the precipitates are contaminated solution 
retained the filter adsorbed the precipitate. The experi- 
ment detailed Table was conducted attempt obviate 
this possibility. After precipitating the proteins and washing the 
precipitates, they were dissolved water and tested for agglutinins. 
aliquot portion the remaining solution was taken, the protein 
reprecipitated, and, after again washing thoroughly, the precipitate 
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TABLE VI. 


The Titer (a) Protein Fractions Precipitated from Colostrum Sodium 
Sulfate and (b) after Reprecipitation the Same Fractions.* 


Dilutions. 
Nitrogen ilutions 


per 100 cc. Control. 


gm. 


per cent 


The first agglutination series and rennet whey (1) extended only dilution 
1:1,280. the case 18.4/14.2 (b) the dissolved protein precipitated 
18.4 per cent sodium sulfate was reprecipitated 14.2 per cent sodium 
sulfate. 

Colostrum. 
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was dissolved and tested. evident that the agglutinins remained 
with the protein material. 


TABLE VII. 


Data Showing (1) the Effect Clearing Colostrum with Sodium Oxalate, (2) Precipi- 
tation with Carbon Dioxide, and (3) the Agglutinins Remaining Solution 
after Precipitation Proteins Given Percentages Which Are After- 
ward Precipitable Per Cent Sodium Sulfate. 


Nitrogen Dilutions. 
1:20} 1:40 | 1:80 |1:160)1:320)1: 640) 1:1,280 | 1:2,560 

per cent 


Colostrum. 


the course experiments relating the determination the 
proteins colostrum, attempts were made utilize carbon dioxide 
agent for the separation the proteins. was found that 
variable results were obtained, some cases casein alone was precip- 
itated and others euglobulin and casein. Table VII are data 
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relating the agglutinin titer the proteins separated carbon 
dioxide, from which appears that large proportion the agglutinins 
was removed carbon dioxide. this case the carbon dioxide 
removed both casein and euglobulin, fact which evident from other 


TABLE VIII. 


The Agglutinin Titer Protein Fractions Removed Successively from Solution 
Sodium Sulfate Acetic Acid. 


Dilutions. 
1:40 | 1:80 |1: 160}1:320/1:640) 1:1,280 | 1:2,560 
gm. 


Procedure 


casein. 


17.4 per cent after 1.201 
14.2 per cent. 


Procedure 


17.4 per cent after 1.126 
14.2 per cent less casein. 


analytical results obtained the same time; hence the precipitation 
agglutinins compared with those obtained 14.2 per cent 
sodium sulfate. The agglutinin titer protein not precipitated 
14.5 per cent sodium sulfate (14.5/18) the other experiments 
compared with the data relating the carbon dioxide precipi- 
tation. 

Occasionally sample colostrum not coagulated readily 
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rennin, which interferes with the titration the agglutinins. Sodium 
oxalate will readily remove the opacity solution milk colos- 
trum, particularly diluted with one two volumes salt 
solution water (5). Such additions sodium oxalate have not 
interfered with the determination agglutinins number cases 
our experiments. example contained Table VII. the 
other hand, the introduction such salt into the agglutinating 
system not desirable. have, therefore, used the whey unless 
was impossible so. 

The experiments outlined with regard colostrum have involved 
the determination the agglutinin titer single proteins mixtures 
proteins precipitated each case from definite quantity the 
original colostrum. Table VIII are data which bear upon the 
removal agglutinins the successive precipitation proteins 
groups proteins from one sample colostrum. Two portions 
the colostrum were used. From the dilute solution one (a) the 
casein was removed the addition acetic acid and then, after 
careful neutralization, the globulins were precipitated with sodium 
sulfate. the second portion sufficient sodium sulfate was added 
give the solution concentration 14.2 per cent, and after filtra- 
tion the casein was precipitated with acetic acid, the filtrate neutra- 
lized, and sodium sulfate added make concentration 17.4 per 
cent separate the pseudoglobulin fraction. 

The data indicate that casein does not carry the agglutinins; the 
precipitated casein was dissolved the careful addition 0.1 
NaOH. The discrepancy between the agglutinin titers obtained 
14.2 per cent sodium sulfate after casein has been removed and 
before the removal casein due, believe, the change the 
precipitability the globulins the result acidification and 
neutralization following the direct precipitation casein from the 
original solutions colostrum. That different quantities protein 
are precipitated evident from the different amounts protein 
nitrogen present these cases. This difficulty has been experienced 
other experiments relating agglutinins and attempts pre- 
cipitate the proteins colostrum (5). The variable results found 
14.2 per cent sodium sulfate are reflected the agglutinin titers 
the subsequent fractions. The most important result is, however, 
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the failure obtain agglutinins with the casein fractions. That the 
absence agglutinins not the result destruction resulting from 
acidification and neutralization evident from the demonstration 
agglutinins the subsequent fractions precipitated sodium 
sulfate after neutralization. 


TABLE 
The Titer Protein Fractions Milk. 


Dilutions. 
1:20 1:40 1:80 1:160 | 1:320 | 1:640 | 1:1,280 
per cent 


Certain samples milk having relatively high agglutinin titer 
were available. Fractionation such samples (Table IX) gave 
results similar those found for colostrum. the other hand, 
exclude the casein the agglutinins are associated with relatively 
small amount protein. 


DISCUSSION. 


The data presented with regard the precipitation agglutinins 
for Bacillus abortus blood and colostrum indicate definitely that the 
protein, protein mixtures, precipitated and including 16.4 
per cent sodium sulfate carries with the agglutinins. this 
fraction, which absent from the blood the new-born calf, which 
abundant most samples colostrum and which absorbed directly 
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the new-born animal. The association agglutinins with 
particular protein fraction not clear-cut. appears that large 
proportion the agglutinins associated with the fraction which 
precipitated 14.2 per cent sodium sulfate, euglobulin. the 
other hand, agglutinins were found later fractions, 14.2 16.4 
per cent sodium sulfate. assume that the agglutinins are 
associated only with the euglobulin fraction, precipitated 14.2 
per cent sodium sulfate carbon dioxide, then necessary 
conclude that the agglutinins appearing the later fractions are 
there because failure precipitate all the euglobulins the 
process fractionation. The method separation does not preclude 
such possibility. Certain results obtained testing samples 
colostrum for agglutinins, our search for high titer colostrum, 
leave the situation present just where literal interpretation the 
data given would place it; z.e., that the agglutinins are associated with 
the protein fractions which are precipitated and including 16.4 
per cent sodium sulfate. The observations referred related 
samples colostrum having low titer with euglobulin content 
which was high relatively high. these cases the agglutinins did 
not appear, but trace was present, the fraction precipitated 
14.0 14.2 per cent sodium sulfate, but did appear fractions 
precipitated 18.4 per cent sodium sulfate; these preliminary 
tests only two concentrations sodium sulfate were used. 
evident, however, that while there may difficulties separation 
they concern only the euglobulin fraction and the pseudoglobulin 
fraction and not the protein precipitated higher concentrations 
sodium sulfate. 


not possible draw any more definite conclusions through consideration 
past work. Gibson and Collins (9) fractioned immune sera various kinds 
from different animals and were unable show that the agglutinins anti- 
toxins were associated exclusively with any particular fraction. They did find 
that large proportion particular antibody was found either with the eu- 
globulin fraction with the pseudoglobulin fraction. These conclusions were 
after consideration the literature which immune bodies were held 
associated with definite fractions. 

Hartley (10) has since held that the immune bodies against rinderpest were 
associated with the euglobulin fractions blood serum. also found in- 
crease the euglobulin fraction the result immunization. Homer (11) has 


‘ng 


308 GLOBULINS AND AGGLUTININS 


studied the fractionation diphtheria antitoxin serum with sodium sulfate 
well with ammonium sulfate. With regard the distribution the antitoxin 
her work was similar that Gibson and Collins that, fractioning with 
different concentrations ammonium sodium sulfate, some the antitoxin 
was found the euglobulin-pseudoglobulin zone, but most the antitoxin was 
found with the pseudoglobulin. was further shown that “the percentage 
precipitation the antitoxin with the proteins precipitated various concentra- 
tions sodium sulphate linear measure the percentage precipitation 
the antitoxin-bearing This relationship undisturbed heat denatura- 
tion plasma adjusted definite hydrion concentration. There particular 
difference between our results and those other investigators that the proteins 
were precipitated relatively high dilution, condition which should tend 
minimize the effect contamination adsorption. 


SUMMARY. 


comparison the appearance the agglutinins for 
the blood new-born calves with the first appearance 
globulins the same blood following the ingestion colostrum in- 
dicates that the agglutinins are associated with the globulins. 
observations are supported the removal the agglutinins from 
serum colostrum with concentrations sodium sulfate which 
precipitate globulins present the blood calves which have ingested 
colostrum, but which are not present birth. 

Neither the association immune bodies with globulins nor the 
direct absorption protein new-born animals new fact. The 
evidence presented particular value, however, associating the 
appearance certain protein fractions the blood the new-born 
animal with the simultaneous absorption agglutinins. 
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RABBIT SEPTICEMIA BACILLUS, TYPES AND 
NORMAL RABBITS. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, April 1922.) 
INTRODUCTION. 


preparation for experiments the epidemiology rabbit 
septicemia, was necessary obtain rabbits which were free from 
infection with this organism. The normal rabbit stock the labora- 
tory consequently was examined culturing nasal mucous mem- 
branes. During the routine this examination the following interest- 
ing observations were made. 


EXPERIMENTAL. 


Procedure for Detection Type D.—A small sterile swab was care- 
fully introduced into the nostril the rabbit and subsequently 
streaked once per cent horse serum agar plates, The 
plates were incubated 37°C. for hours and examined. 

the first series twenty-nine animals examined, fifteen were 
found harbor typical organisms. animals were healthy 
all outward appearance. They were well nourished, good ap- 
petite, and had visible discharge from the nose. The Type 
colonies were present great abundance. many the rabbits 
they constituted per cent more the nasal flora. The Type 
are easily differentiated from other colonies their high fluores- 
cence artificial light, their rather small size, smoothness contour, 
and the fact that they are very and tend disintegrate 
completely when gently touched with platinum wire. Other 
fluorescent colonies can either shoved about the agar surface, 
retaining their form perfectly, break into two three distinct 
fragments. 

Suspected Type colonies are examined hanging drop, oil 
found yield non-motile, minute coccoid 
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rods, are subcultured rabbit serum broth. These cultures are then 
examined for turbidity, bipolarity methylene blue stain, 
acid agglutination optimum, and agglutination specific anti-D 
serum. 

Type Normal Rabbits. 


the same series twenty-nine animals, four nasal swabs yielded 
plates heavily seeded with colonies exactly resembling those the 
mutant form.! These colonies were translucent and faintly 
bluish tinge, exhibited fluorescence with artificial light, and had 
slightly irregular borders. 

They were fished into serum broth and yielded the granular sedi- 
menting growth characteristic Microbe rabbit septicemia 
bacillus. The organisms were minute, non-motile, coccoid bacilli, 
growing singly pairs. hanging drop, fresh preparation, they 
exhibited the typical shadows the poles. methylene blue 
demonstrated their bipolarity. 


TABLE 
Acid Agglutination Optimum Suspected Type 


5.5 


5.3 


Result. 


These results justified more minute examination, since would 
important find out whether Type till now observed only 
mutant from Type under cultural conditions, occurred naturally 
the animal body. 


Experiment Acid Agglutination Optimum Suspected Type 
from suspected Type colony were planted serum broth, and the hour 
granular culture that resulted was washed four times and finally suspended 
distilled water. cc. quantities this suspension were then mixed with cc. 
buffer solution different hydrogen ion concentrations. The buffer solution 
used was glycocoll-Na concentration. Incubation 43°C. 


The broad zone hydrogen ion concentration over which agglu- 
tination took place characteristic Type recovered from the 


Kruif, Exp. Med., 1922, xxxv, 561. 
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animal body artificial infections.2 The agglutination reaction 
specific serum was next attempted. 


has been observed preceding that Types and show anti- 
genic community, and that inoculation with Type results slightly stronger 
agglutinin response than that following injection Type Rabbit serum 
anti-D was therefore used this experiment. Observation Table shows that 
marked agglutination the suspected organism occurs 6.0. This fact 
makes impossible perform the agglutination reaction with 0.85 per cent NaCl 
dilutions serum, since these would cause agglutination the organism dilu- 
tions longer protected the buffer action the serum.. apparent that, 
series dilutions serum with 0.85 per cent NaCl, the would vary 
from 7.4 the concentrated, the high dilutions. 


TABLE 
Suspected Type Anti-D Immune Serum. 


Agglutination. 
Serum. Control. 
1:10] 1:20 | 1:40 | 1:80] 1:160 | 1:320 | 1:640 | 1:1,280 1:2,560 No 
serum. 
1 


Normal rabbit serum..... 


The immune serum for this test was therefore diluted glycocoll-Na acetate, 
buffer, 7.1. This insured the occurrence hydrogen ion con- 
centration which suspensions the suspected organism were stable. The 


results the agglutination test are given Table Incubation, usual, 
43°C. for hours. 


This experiment and other similar ones definitely identify the 
suspected organism member the rabbit septicemia group. 
remained test its virulence intrapleural injection into rabbits. 


Experiment Lack Virulence Suspected Type hour serum broth 
culture the suspected organism was carefully shaken secure uniform 
distribution clumps, diluted cc. broth. Amounts equivalent 
0.05 and 0.1 cc. the original culture were inoculated intrapleurally into young 
rabbits 600 gm. weight. untoward result was discovered, although the 
animals were kept under observation for more than days. This lack viru- 


lence confirms the suspicion the identity this organism with the mutant 
forms. 


Kruif, H., Gen. Physiol., 1922, iv, 387. 
Kruif, H., Exp. Med., 1921, xxxiii, 773. 
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Subsequent examination supposedly normal adult rabbits has revealed fair 
proportion carriers this organism, which conforms every characteristic 
the type arising from Type mutation culture. 

Experiment Type Isolated from Nasal Mucous Membranes 
Normal has been remarked preceding paragraph that fifteen out 
twenty-nine rabbits the normal stock were found harbor typical Microbe 
was considered interest test the virulence these organisms, since 
that strains arising from fatal bronchopneumonias invariably 

Type culture obtained from Rabbit was accordingly seeded into 
per cent rabbit serum broth and the virulence the resulting hour culture tested 
intrapleural injection into young rabbits 600 gm. weight. The technique 
the test was identical with that described preceding The result 


TABLE III. 
Virulence Type Isolated from Mucous Membranes Apparently Healthy 
Rabbits. 
Weigh 
hrs 

pleuritis, pericarditis, 
nia. 

3 610 6 1 ae 105 “ “ 48 “ “ “ 

4 610 6 1 4 1074 “ “ 54 “ “ “ 

5 600 6 1 10-3 “ 36 “ “ “ 


This experiment was made November 22, 1921. the present 
date, March 31, 1922, Rabbit from which this highly virulent 
Type culture was isolated, alive, full weight, and good appetite, 
and still harbors Type organisms. Similar results have been 
obtained with Type isolated from other normal rabbits. 

This observation fundamental importance the epidemiologi- 
cal study the bronchopneumonia rabbits caused the rabbit 
septicemia bacillus. clear that these animals may harbor 
the nasal mucous membrane organisms which display virulence, 
intrapleural test, equal that strains from fatal 
infections. would appear, from this and other considerations 
revealed later communications, that there strict relation- 
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ship between intrapleural virulence and invasibility occurring 
natural infections. word, some resistance-lowering factor 
must present enable the virulent organism produce the fatal 
bronchopneumonia. 


the Blood Naturally Infected with Types 
and 


Since possible for rabbits harbor highly virulent Type 
organisms the nasal mucous membrane, and remain for long time 
without signs disease, was considered important discover 
whether the blood showed any evidence immune substances against 
the rabbit septicemia bacillus. 


TABLE Iv. 


Relation between Agglutination Titer and Presence Types and the Nasal 


Mucous Membrane. 
hours 43°C.; 7.1. 


Agglutination. 
11 “ “ “ “ “ “ aia < 1:10 


Represents dilution serum only. Multiply obtain the final dilution 
serum suspension. 

The titer the serum read the smallest amount causing complete 
agglutination Microbe 
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Experiment Relation between Titer and Presence Types 
and the Nasal Mucous method chosen was that described 
Experiment times washed Type suspended distilled water, was 
tested against the suspected serum, diluted with buffer (glycocoll-Na acetate- 
Naz 7.1. This method was chosen because, first, Type far more 
sensitive rabbit septicemia agglutinins than Type second, because this 
pH, Type shows itself perfectly stable and amenable therefore agglutina- 
tion test. 


TABLE 


Relation between Agglutination Titer and Presence Types and the Nasal 
Mucous Membrane. 


Rabbit No. Examination mucous membrane. Titer serum. 
20 “ “ 6 “ 10 
22 “ “ “ < 1 10 
24 “ “ < 1 10 
Type present. 1:80 
97 “ “ 1 :40 
Type present. 1:80 

31 “ “ < 10 
32 “ “ “ 10 
33 “ “ “ 1 10 
35 “ “ “ 1 10 


Type had been present for only days. The animal was demonstrated 
and G-free for least months previous the infection, which occurred 
direct contact. 


The blood was drawn from the hearts the animals under test. serum was 
diluted 1:10 the above named buffer and then 2’s 1:320. cc. each 
dilution was mixed with cc. Type suspension—incubation 43°C. for 
hours. The results are summarized Tables and 


Further experiments similar nature are summarized Table 
all cases the finding ‘‘Type not was entered 
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after three successive streakings serum agar plates mucous mem- 
brane swabs, made day intervals. 
The experiments summarized Tables and show that the 


mucous membranes rabbits accompanied distinct evidence 
specific agglutinins the blood. 

Excepting one case (Rabbit complete agglutination Type 
always occurred 1:20 higher dilutions when Type could 
demonstrated the nasal mucous membrane. the other hand, 
serum caused complete agglutination 1:10 higher when three 
successive streakings serum agar plates had demonstrated the 
absence Types and 


DISCUSSION. 


These findings are important that they demonstrate (1) that the 
carrier condition associated with evidence immunity, deter- 
mined the presence definite amounts agglutinins the blood; 
(2) that the serum any rabbit, taken random from normal stock, 
not considered normal far the rabbit septicemia bacillus 
concerned. 

SUMMARY. 


Microbe rabbit septicemia bacillus, hitherto found only 
mutant cultures the rabbit septicemia bacillus, Type has been 
demonstrated exist the nasal mucous membranes normal 
rabbits. This organism corresponds lack virulence, character 
growth, acid agglutination optimum, and immune agglutination 
reaction, the mutant form described previous papers. 

Microbe has been found present the nasal mucous 
membranes normal rabbits. These animals have survived for 
months with evidence infection other than the presence the 
organism. These Type organisms, despite their failure cause 
fatal damage their own host, are shown possess the typical high 
virulence characteristic this type, when injected intrapleurally into 
young rabbits. 

Rabbits which are carriers Type possess definite amount 
immune agglutinins, evidenced test their serum against 
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Rabbits free from infection with these organisms invariably have 


yielded serum which fails agglutinate Type completely 1:10 
higher dilutions. 


THE SOURCE THE MICROORGANISMS THE 
LUNGS NORMAL ANIMALS. 


(From the Department Animal Pathology The Rockefeller Institute for Medical 
Research, Princeton, J.) 


(Received for publication, May 25, 1922.) 


Considerable discussion has arisen various times relative the sterility 
the normal lung during life. Hildebrandt (1) claimed that inspired bacteria 
under normal conditions not reach the lung but are deposited the nasal 
passages. Babes (2) stated that the lungs normal men and animals were 
sterile. The findings Barthel (3) were similar. Beco (4) found organisms 
far the middle the trachea domestic animals but believed the lungs 
rule were sterile. the other hand, the assertions that the lungs contain 
organisms are upheld many. Neisser (5) studying sections the lungs 
normal guinea pigs, rabbits, and mice encountered organisms three instances. 
Diirck (6) found bacteria the sixteen human lungs examined. Boni (7) suc- 
ceeded cultivating organisms from the lungs fourteen swine. eleven 
instances pneumococcus low virulence was obtained. From two ten 
guinea pigs obtained positive cultures. Nenninger (8) states that the lung 
cannot considered germ-free organ since constantly invaded organ- 
isms the atmosphere and those from the upper respiratory passages. Thomson 
and Hewlett (9) calculated that least 1,500 organisms were taken into the 
nasal passages per hour London. They claim that the ciliary action the 
lining epithelium soon rids the inspired air microorganisms. They maintain 
that the lungs are sterile. instance cited them observation Lister 
case rib fracture which the lung had been punctured and blood mixed 
with inspired air entered the pleural cavity. The blood did not undergo “decom- 
position.” Lister pointed out that the particles filtered out before reaching the 
alveoli. many instances the exact methods cultivation have not been given 
various observers. 

Quensel (10) was able show that the lungs were not bacteria-free. His 
material was obtained from the larger domestic animals immediately after 
slaughter the abattoir. Pieces normal lung were removed from the carcass 
quickly possible and transported the laboratory sterile glass containers. 
The surface the tissue was then seared and bits removed with sterile instru- 
ments and crushed between sterile glass slides. The crushed material was used 
inoculate tubes agar and bouillon. Cultures were made from the lungs 
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calves, sheep, and horses. From the calves, tubes showed growth. 
Organisms were found the tubes from the sheep. The number the 
positive tubes from the horses was relatively higher, revealed organisms. 
Streptothrix, subtilis, and molds made per cent the organisms culti- 
vated. Streptothrix were most frequently obtained. Quensel discussing his 
findings pointed several possible sources entrance. suggested that the 
organisms may have entered the lungs with the passive flow contaminated 
fluids (blood, stomach contents, etc.) during slaughter, that they may have 
been carried downward during the last violent respirations. Air-borne contami- 
nation during the manipulations the tissues was also considered source 
error. was inclined, however, regard these organisms most instances 
legitimate inhabitants the lungs. sharp contrast these findings the 
statement that found the lungs guinea pigs free from bacteria. 

Quensel was able few instances cultivate streptothrix and other organ- 
isms from the bronchial lymph glands the calf, horse, sheep, and pig. 


was known that the larger herbivora harbored organisms, but 
some doubt existed the presence bacteria the lungs the 
laboratory animals. Their possible source and significance seemed 
particular importance. With these points view series obser- 
vations and experiments was undertaken. 


Cultural Studies from the Lungs Animals. 


The animals employed were apparently good health. The 
smaller animals—such rabbits, guinea pigs, mice, etc.—were 
chloroformed. customary kill calves stunning with 
heavy blow the head, the trachea quickly clamped, and the 
large neck vessels severed. The same methods were employed 
certain instances the smaller animals but was found that the 
method killing did not materially alter the findings the case 
the rabbit guinea pig. 

The hair over the chest the laboratory animals was shaved and 
the skin cleansed with per cent phenol followed alcohol. The 
skin was reflected and the underlying musculature seared. tri- 
angular window ribs and sternum was removed with sterile in- 
struments. Small pieces cut from the borders, furthest removed 
from the trachea, the various lobes were added tubes. media. 
calves large pieces from the borders two lobes were removed with 
sterile instruments through incisions the chest walls. From the 
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external edges these small pieces were used for cultivations. Rel- 
atively simple media, such slanted plain agar and agar which 
few drops defibrinated horse blood had been added and veal 
infusion bouillon were employed. The bits tissue were pushed 


TABLE 


the Bacteriological Examinations the Lungs Normal Animals. 


No. No. 


Calves. Streptothrix, 45. 
Molds, 
Cocci, 

Mixed (B. and 
streptothrix), 
subiilis, 20. 
Molds, 
Cocci, 

Mixed (B. subtilis, strep- 
tothrix, and mold), 
Guinea pigs. Streptothrix, 39, 
subtilis, 10. 
Molds, 
Cocci, 
subtilis, 
Cocci, 
subtilis, 
Cocci, 


Molds, 


down over the surface the slants into the condensation fluid. All 
tubes were sealed with sealing wax. Tubes were incubated for 
days 38°C. 

The results have been recorded Table 
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The results recorded Table are striking. Among the herbi- 
vorous animals the proportion tubes showing growth consistently 
high, varying from per cent the case the guinea pig per 
cent the instance the calf. not single instance did all the 
tubes inoculated from the lung remain sterile. The proportion 
positive tubes from the mouse and rat much lower, and per 
cent respectively. 

probable that two the sources suggested Quensel for the 
presence organisms the lungs have been ruled out. The rela- 
tively simple technique precludes contamination any great degree 
through manipulation the tissues. That fluids such blood and 
regurgitated material cannot enter the clamped trachea obvious. 
Regurgitation stomach contents has not occurred the smaller 
animals killed with chloroform. 

The following facts tend show that the organisms are within the 
lung. tubes containing bits lung are examined frequent 
intervals, the filaments tufts streptothrix are frequently seen 
growing out the borders the tissue mass. This has been ob- 
served repeatedly both the pleural and cut borders. The rapid 
growths Bacillus subtilis and molds begin from the water con- 
densation and extend upward. 

Quensel’s third contention, however, that organisms may have 
gained access during the last deep respirations doubtless true. 


Should this admitted, then must assumed that many the 


deep inspirations during life organisms may reach the lungs. 

striking feature the great similarity the type organisms 
encountered the various species, particularly the herbivorous 
animals. Streptothrix appeared times, Bacillus subtilis 41, molds 
25. Practically all the organisms met with are spore bearers. 
well known that they are particularly abundant hay and straw. 
seemed probable that they originated the hay and straw and were 
taken into the respiratory tract. This would account for the larger 
proportion cultivated from the herbivorous animals and explain 
their small numbers the mouse and rat. 
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EXPERIMENTAL. 
establish this hypothesis series experiments was undertaken. 


Experiment grown healthy rabbits were placed sterile individual 
cages separate unit and fed the usual ration oats, hay, and mangels. All 
food was washed thoroughly running water and fed while moist. Newspapers 
were used for litter. All litter and uneaten food were removed daily. The con- 
trol rabbits received the same ration unwashed and fed dry. After periods 
days weeks the animals were and cultures prepared from 
the borders the lungs. Bits tissue the same size were used cultivating 
from both groups rabbits. The results are given Table 


TABLE II. 
Moistened and Dry Food the Number Organisms Found the Lung. 


(fed washed hay (29 per 
and oats). 

Control rabbits (fed Streptothrix, 11. 

usual manner). (91 per subiilis, 22. 

Molds, 


Mixed (streptothrix, 


The results recorded Table are significant. The actual de- 
crease the number tubes containing growth striking. The 
inference that forms usually occurring hay and straw may reach 
the lung well founded. Similar experiments were tried the 
guinea pig. diminution always occurred the number tubes 
containing organisms but the results were never striking. 


modifying the experiment somewhat the results obtained were 
very much the same. 


Experiment pigs the same age were divided into three lots. The 
cages and the litter were similar for each lot. All were kept the same general 
atmosphere. One lot was fed cabbage and oats, another lot was fed grass 
and oats. The other controls received hay and oats with little grass. After 
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period month all the animals were killed and cultures prepared from the lungs. 
Since the results from the cabbage-fed and grass-fed animals were the same, they 
have been grouped together Table ITI. 


Much the same result was obtained the case the guinea pigs 
the rabbits under practically dust-free conditions. The diminu- 
tion the number tubes showing growth from those kept 


clean atmosphere withholding dry food matter quite 


TABLE 
Results Cultivations from the Lungs Guinea Pigs Fed Grass and Hay. 


No. 


Guinea pigs (grass cab- Streptothrix, 
Molds, 
Control guinea pigs (ration Streptothrix, 
the same except hay was (89 per subtilis, 
fed). Molds, 


remarkable. The few organisms encountered the experimental 
lots probably originated the general atmosphere. species 
thickly covered with hair there reason suppose that spores 
may not exist for long periods. Methods control this factor were 
not employed. 

interesting compare the results the lung cultivations 
the mice and rats recorded Table with those given Tables 
and III for rabbits and guinea pigs whose environments general 
paralleled those the rats and mice. The proportion tubes show- 
ing growth comparable. The rats and mice examined were kept 
the same room with the other experimental animals. The same litter 
was used. The ration consisted dog biscuit and whole Hay 
straw was not used the cages. seemed possible account 
for the smaller number organisms the absence materials 
heavily contaminated with spores. There was possibility some 
differences anatomical structure the upper respiratory tract 
which might not permit the free passage many spores. 
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Experiment test these points, twelve mice were divided into three 
groups. Each group was placed glass jar and received the same food. 
was given sawdust for litter and fed the usual ration dog biscuit and corn. 
the case Lot mixture finely cut straw was used for litter, the ration was 
the same for Lot With Lot the litter consisted finely cut newspaper 
which was changed daily. Both the corn and dog biscuit were sterilized the 
autoclave for minutes. After days the mice were chloroformed and examined. 
The results are recorded Table IV. 


result this experiment the fact that the flora the lungs 
the mouse can influenced markedly variations the immediate 


TABLE IV. 


Proportion Organisms from the Lungs White Mice Kept under 
Ordinary, Dusty, and Dust-Free Conditions. 


Lot conditions. Lot Straw litter. Lot Dust-free conditions. 
Tubes inoculated, 20. Tubes inoculated, 20. Tubes inoculated, 20. 

ile, ile, ile, 19, 
Tubes positive, per cent, 45. Tubes positive, per cent, 80. Tubes positive, per cent, 
obtained from Growth obtained from growth 

the lungs all mice. the lungs all mice. from the lungs 

three mice. 


environment brought out. Mice under ordinary conditions (Lot 
show moderate number organisms within the lungs. The num- 
ber can increased until they approximate those found the guinea 
pig rabbit under normal conditions subjecting them the usual 
environment the latter species. Evidently anatomical conditions 
are not responsible for the relatively few organisms encountered under 
usual methods life. Lot which the air was relatively free 
from dust and the spores many forms, probably few organisms 
reached the lungs. 

The experiments all tended point the immediate environment 
the source the organisms cultivated from the lungs. with- 
holding supplying food and litter substances, such hay and 
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straw, has been possible influence markedly the number spore- 
bearing organisms cultivated. were possible show that the 
streptothrix isolated from the lung resembled those found the dust 
from hay, the chain evidence would complete. has been 
stated that streptothrix are present the greatest number cultures. 
was determined compare the common lung strains with those 
obtained exposing sterile plates dust from hay and straw. 


TABLE 


Characters the Streptothrix Obtained from the Lungs Various Animals and 
Plates Exposed the Dust Hay and Straw. 


Hemolysis Final 


hydrogen 
horse 
dextrose 
bouillon. 
peptonized. 
Plates exposed hay 
and straw, 
Lungs guinea pigs, 
mice, 4 + “ “ 66 “ 
Plates exposed hay 


and straw, 


All cultures were Gram-positive filaments with true branches. 
The surface growth always became chalky the media dried and the 
characteristic fragmentation the filaments with the production 
arthrospores was observed. Most the cultures had characteristic 
penetrating musty odor. Their biochemic activities are given 
Table 

The general characters the streptothrix from the lungs the 
guinea pig, rabbit, and calf resemble those obtained from hay and 
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straw. All liquefy gelatin, coagulate milk, and peptonize the curd. 
Alkali produced dextrose broth and milk. Some hemolyze horse 
blood agar plate cultures, others fail The predominating 
color potato yellow, yellowish white, orange. The rapidity 
with which gelatin and casein are digested varies different cultures. 
Unfortunately, these are the characters given for most the strepto- 
thrix but radical departures from these types have not been met with 
that one feels safe considering these organisms the same 
group. 

Quensel was able cultivate streptothrix and Bacillus subtilis 
from the bronchial lymph glands various animals few instances. 


2 


TABLE VI. 
Results Inoculations from the Bronchial Lymph Nodes Guinea Pigs. 


No. animals No. tubes No. tubes 


examined. inoculated. showing growth. Kinds organisms. 
Streptothrix, 28. 
per cent). subtilis, 11. 
Cocci, 
Short rods, 


Pleomorphic rods, 


augment his findings and perhaps throw some light their 
significance the lymph glands series cultivations was made. 
The bronchial lymph glands the guinea pig are easily visible and 
small enough that all them may used for culture material. 
relatively simple technique has been devised with which the liability 
contamination has been reduced minimum. The results are 
given Table VI. 

663 per cent the tubes showed growth. instance were all 
the bronchial lymph nodes from any guinea pig sterile. The or- 
ganisms encountered are similar those observed the lung and 
probably were forms that had been taken into the alveoli and smaller 
bronchioles and transported the draining lymph glands. 

The mechanism phagocytosis bacteria and other foreign 
bodies within the lung has been studied plausible 
view Haythorn (11), Permar (12), and others that dust particles 
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and certain bacteria are taken endothelial cells from the blood 
vessels. These cells make their way into the air space, and pass out 
through the walls entering the lymph spaces and ultimately reach the 
lymph nodes. seems offer satisfactory explanation for the 
appearance certain organisms the lymph nodes. has been 
possible study certain phases this mechanism. spores 
streptothrix and finely divided particles carmine, the dye and 
Bacillus subtilis are suspended salt solution and injected intratra- 
cheally into guinea pigs, after hours cells which have taken 
both materials can demonstrated wet preparations stained 
films from the lungs. Many these cells size and general mor- 
phology conform the macrophage. Streptothrix large numbers 
may recovered from the bronchial lymph glands hours 
after their injection into the trachea. 

Quensel was able isolate organisms but small number 
instances from the lymph glands horses, calves, sheep, and swine. 
The great differences which have been found the guinea pig may 
explained the proportionate bulk the tissue examined. With 
the larger animals comparatively little material was actually cultured. 
All the visible bronchial lymphoid tissue was used from the guinea 
pig. the large animals the distances the draining lymph glands 
are greater and longer time interval afforded for the destruction 
phagocytosed organisms before the phagocytes reach the draining 
lymph nodes. 

DISCUSSION. 


From the preceding experiments obvious that the lung readily 
invaded air-borne organisms. hardly seems possible that or- 
ganisms the size streptothrix, the type most frequently found, the 
molds, even bacteria the subtilis group are capable vegetating 
and multiplying within either the smaller bronchi alveoli. Even 
moderate multiplication would doubtless lead serious mechanical 
disturbance. seems more reasonable assume that the spores 
these various types which abound dry vegetable matter are taken 
into the respiratory tract with each inspiration. During deeper 
breathing number must reach the smaller air passages and alveoli. 
The statement that they reach the small bronchioles and alveoli 
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appears warranted when considered that only borders furthest 
removed from the principal bronchi were used for cultivation. Tufts 
streptothrix were observed grow through the pleura well 
the cut surfaces, evidently these instances they were closer the 
pleura and grew from alveoli. 

The organisms are non-pathogenic when injected subcutaneously. 
The spores then are comparatively inert and are taken care the 
same mechanism that functions the case coal dust and other 
inert matter. This seems explain their presence the bronchial 
lymph nodes. may argued that the cells responsible for phago- 
cytosis not all instances destroy the injected spores promptly. 
Some certainly reach the lymph glands viable condition and are 
doubtless ultimately destroyed there. Rous and Jones (13) were 
able show experimentally that living phagocytes were enabled 
protect injected organisms from the action destructive substances 
the surrounding fluid. Briscoe (14) his experiments phago- 
cytosis the lungs following intratracheal injection bacteria and 
foreign blood corpuscles showed that after hours the non- 
pathogenic organisms and red cells had been taken mononuclear 
cells. The polymorphonuclear leucocytes did not appear any 
great extent until later. Briscoe’s interpretation the origin 
these mononuclear cells differs from that Haythorn and Permar. 

has been possible with calves augment the reported findings. 
The most frequent organisms encountered the normal nasal pas- 
sages calves have been streptothrix and molds. has been possible 
cultivate similar organisms from the trachea. The experiments 
which mixtures carmine and spores and carmine and vegetative 
forms were injected into the trachea and many instances taken 
large cells with single nuclei are additional evidence for the hypo- 
thesis. The recovery streptothrix from the bronchial lymph 
glands large numbers hours after the injection into the trachea 
also significant. 

Cocci various kinds have been cultivated relatively small 
proportion animals. The assumption has been regard them 
originating the upper respiratory tract. 

There reason assume different route entrance the 
case usual types animal pathogens. The cilia and other factors 
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are probably more capable keeping out the small vegetative 
pathogens than the spore forms the non-pathogenic varieties. 

The observations have some practical bearing for those interested 
the study respiratory disease, especially species like the rabbit 
and guinea pig. withholding spore-bearing subtances, such hay 
and straw, possible cut down the number contaminating 
organisms. This considerable value where small, oftentimes in- 
distinct foci consolidation are met with. 


SUMMARY. 


has been possible show that the lungs such animals the 
calf, rabbit, guinea pig, white rat, and white mouse are readily invaded 
organisms. The most frequent types observed cultures from the 
border the lungs have been streptothrix, molds, and bacteria the 
Bacillus subtilis group. ‘These forms originate certain dry food- 
stuffs (hay and straw). withholding moistening these materials 
has been possible diminish the number organisms the lungs. 
When these materials have been supplied mice whose lungs under 
usual conditions contain only few organisms, the number positive 
cultures increases and comparable with those the larger animals. 
The bronchial lymph glands all guinea pigs examined developed, 
66% per cent the tubes, organisms similar those obtained from 
the lungs. 
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NEW METHOD FOR MEASURING THE PRESSURE 
THE PULMONARY ARTERY. 


WALKER SWIFT, M.D., GILBERT HAGGART, anp CECIL 
DRINKER, M.D. 


(From the Laboratories Physiology Harvard Medical School, Boston.) 
(Received for publication, June 1922.) 


The problem devising reliable and readily applicable method 
for measuring the pressure the lesser circulation has engaged the 
attention physiologists since 1852, when Beutner (1) under Lud- 
wig’s direction inserted cannula branch the pulmonary artery 
rabbits, cats, and dogs, and recorded the pressure means 
mercury manometer. these experiments the chest was open, 
artificial respiration was employed, and fairly large section the 
pulmonary arterial bed was absent due the insertion the cannula 
large branch the pulmonary artery. unnecessary for 
list the work other investigators who have used similar 
closely technique. (2) and, more recently, Wiggers 
(3) have provided critical summaries all such experiments. 

order meet the requirements experiments projected this 
laboratory simple and reliable method for taking pulmonary arterial 
pressure was required, and this method must applicable under the 
following conditions. The experimental circumstances must 
those used 1921 (4,5). this method the heart and great 
vessels are exposed—the pulmonary artery being naturally included 
down its exit from the pericardial sac—but the lungs are closed 
the pleural cavity sewing the edges the pericardium the 
opening the anterior wall the chest. Animals prepared are 
able breathe normally. (6) Cannulation the pulmonary artery 
must attained without circulatory embarrassment and without 
diminishing the size the capillary bed the lungs. (c) The can- 
nula used must simple insertion and must constructed 
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permit usage over long periods time without danger from blood 
clotting. 


their essential features all these requirements have been considered 
former investigators. Knoll (6), 1888, devised clamp which apparently 
isolated fold the pulmonary artery through which inserted specially 
devised cannula. Tigerstedt (2) found difficult visualize Knoll’s apparatus 
from the published description, and with this difficulty are entire agreement. 
Knoll apparently used trocar type cannula combined with special retaining 
clamp, but his own admission, many animals were lost while adjusting this 
apparatus, and also apparent that the pulmonary artery suffered certain 
degree narrowing through its use. Employing rabbits, Knoll did, however, 
succeed inserting his cannula and measuring pulmonary blood pressure under 
normal breathing, the chest having been closed following the placing the 
cannula. Henriques (7), 1893, described his procedure for making pressure 
measurements the pulmonary artery the following terms. 


For these investigations have used dogs, cats, and rabbits, always under artificial 
respiration, either after curarization medullary section. The left pleural cavity was 
opened and sufficient amount the thoracic wall removed lay bare the heart. The 
pericardium was then opened and the main stem the pulmonary artery pierced with 
stilette small caliber. That absolutely bleeding occurs due the elasticity the 
vessel wall and the low pressure the pulmonary artery. 


Mellin (8), 1904, employed slight modification the cannula devised 
Ludwig. instrument was simple tube with small plate the end which 
entered the artery. second plate similar type, sliding the shaft the 
cannula and arranged that could clamped place, closed the opening 
the pulmonary artery. order insert this cannula the blood flow through the 
artery was shut off for brief time, but after practise the period obstruction was 
reduced little moment. The cannula was defective for continuous 
use account blood clotting, but Mellin obtained many useful measurements 
pressure with it. 

Schafer (9) has recently described glass cannula for obtaining pulmonary 
arterial pressure, which inserted through the wall the right ventricle. The 
tip passed through the pulmonic valve, the leaflets which close around it. 
The cannula provided with stilette and with side tubes for attachment 
pressure-recording and washout apparatus. have found Schafer’s cannula 
easy make, easy insert, and easy use over long periods time. have, 
however, been unable employ this cannula without lowering systemic blood 
pressure considerable degree. Even when the greatest care used the filling 
the left ventricle apparently lessened and the general circulatory condition 
the animal suffers. Schafer’s (9-12) publications which has employed 
his cannula, figures are given covering the systemic blood pressure before and 
after cannulation the pulmonary artery. The investigations has reported 
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required such control. If, however, one projects experiments which the 
entire circulation must kept normal condition possible, Schafer’s 
cannula, least our hands, does not solve the problem. 


The cannula shown Text-fig. combines the ideas Henriques 
(7) and Schafer (9). has two parts, barrel (A), and (B). 
Side tubes enter the barrel, leading the pressure-recording device 
and leading ordinary washout system. the cannula 
shown ready for insertion. The stilette well covered with stop- 
cock grease and makes joints capable holding water under pressure 
100 mm. mercury both the tip and the knurled head. 
insert the cannula! one simply grasps the pericardial tissue both 
sides the pulmonary artery with hemostats and pushes the cannula 
through the wall the artery just needle inserted vein. 
usual thing bleeding occurs, and oozing does take place 
soon stops. The cannula held place means special 
clamp upon ring-stand, and tubes and are connected with 
the manometer and washout systems. The cannula then filled 
with the anticlot solution employed, and all readiness make 
record pulmonary arterial pressure. order connect with the 
blood stream the operator opens the tube leading the washout 
system through and withdraws the stilette until the light spring 
upon the side the barrel engages the groove the stilette. This 
position shown Text-fig. The tube the washout 
apparatus then closed, and opening tube the pressure- 
recording system tracing once obtained. obvious that 
the stilette withdrawn throw the barrel the cannula 
into communication with the pulmonary arterial stream without 
opening the washout apparatus, vacuum created which must 
result drawing pure blood into the cannula. If, however, the 
tube the washout system open while the stilette withdrawn, 
little additional anticlot sucked into the system and nothing more 
occurs. When suitable length record has been obtained the tube 
leading the washout system opened and the stilette thrust back 
into the original position shown Under these circumstances 


all the experiments urethane anesthesia was used. 


Ni 


Trocar cannula for pulmonary artery. the barrel the 
cannula; the stilette; the stilette the barrel ready for insertion 
into the artery; the stilette withdrawn the notch after insertion into the 
pulmonary, artery. This diagram illustrates the condition affairs during the 
actual recording pressure the pulmonary artery. 
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there possibility blood loss leakage anticlot solution 
into the animal, and the cannula can once washed out from the 
washout system. One may now make another tracing, and the 
same series maneuvers may carried through many times 
may required. The entire experiment simple that planned 
use class work during the coming winter. 

Fig. illustrates the beginning experiment rabbit anes- 
thetized with urethane. Tracing the pressure the carotid 
artery prior cannulation the pulmonary artery. 
the carotid pressure after insertion the pulmonary artery cannula, 
and tracing the pulmonary artery pressure taken the same time. 
Tracings and are registered means mercury manometer. 
The mean pressure tracing mm. mercury, and tracing 
the same. The mean pulmonary pressure mm. mercury. 
the experiment question the rabbit was breathing naturally, 
since easy this animal enter the thorax, open the pericardium, 
and expose the pulmonary artery without opening the pleural cavities. 

The entire record shows that one may readily make measurement, 
which has been somewhat without disturbing circulatory 
relations greater degree than necessitated exposure the 
pulmonary artery. our experience exposure the heart and 
opening the pericardium, whether the rabbit which the pleural 
cavities may kept shut the cat dog which they must 
opened least temporarily, result lowering systemic pressure. 
This variable amount and always becomes less when the chest 
again closed and the animal begins breathe naturally. 

The validity pressure measurements made means cannula 
pointing with the blood current may well questioned. Theoreti- 
cally the cannula described should inserted right angles the 
current the artery. Such adjustment can usually made 
cutting away the upper part the left chest wall where joins the 
sternum. have, however, found that the same animal one 
makes three with the cannula pointing toward the heart 
and directly against the blood current, with the cannula pointing 
right angles the current, and (c) with the cannula pointing the 
direction the blood stream—the results are practically identical and 
therefore unnecessary observe any particular precautions 
avoid error. 
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EXPLANATION PLATE 19. 


Tracings and pressure the carotid artery rabbit registered 


means mercury manometer before and immediately after insertion the 
pulmonary artery cannula. Tracing pressure the pulmonary artery regis- 
tered means membrane manometer. 
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(Swift, Haggart, and Drinker: Pulmonary artery.) 
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EXPERIMENTAL RICKETS RATS. 


VI. CHANGES AccoMPANY HEALING 
EXPERIMENTAL RICKETS, UNDER THE INFLUENCE 


ALWIN PAPPENHEIMER, M.D. 


(From the Pathology the College Physicians and Surgeons, 
Columbia University, New York.) 


28. 


(Received for publication, May 1922.) 


The work experimental rickets which has been conducted this 
laboratory during the past years has included investigation into 
the nature the active curative principle contained cod liver oil. 
large series variously prepared fractions has been tested for cura- 
tive activity rats previously rendered rachitic. result this 
work, material has accumulated which discloses interesting way 
the sequence changes which accompanies the restoration rachitic 
bone approximately normal condition. the purpose this 
article describe these changes, leaving the problem the chemi- 
cal nature the active substance the cod liver oil, which still 
under investigation, for future publication. 


Shipley, Park, McCollum, Simmonds, and Parsons (1) first reported that the 
administration cod liver oil rats made rachitic Diets 2538 and 2677, 
the called fat-soluble both that substance and 
leads rapid deposition calcium salts between the cells the proliferative 
zone cartilage. Seven treated animals were studied, the period treatment 
varying from days, these, six showed definite reaction. Only the 
earlier stages the reparative process are, therefore, considered their paper. 


This work was done under grant from the Commonwealth Fund. 

preliminary communication this work has been recently published 
(Zucker, F., Pappenheimer, M., and Barnett, M., Proc. Soc. Exp. Biol. 
and Med., 1921-22, xix, 167). 

Park, McCollum, Simmonds, and Parsons (1), 344. 
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second paper, McCollum, Simmonds, Shipley, and Park (2) have elaborated 
these observations into biological test for calcium-depositing substances. The 
rickets-producing diet recommended No. 3143, described containing 
abundance protein good quality, approximately twice the optimal calcium 
content, fat-soluble quantity sufficient ensure transient growth and 
prevent xerophthalmia, but its phosphorus content, distinctly below the optimal 
requirement. this diet, the cartilage rendered wholly calcium-free, and the 
metaphysis only exceptionally contains few calcified areas. The administra- 
tion cod liver oil sufficient quantity rats thus rendered rachitic followed 
recalcification the cartilage, which may complete within days. 
method for the macroscopic study this healing described. 


The material for the present study consists sections ribs 
treated rats, together with numerous untreated rachitic controls 
and normal animals. have also examined sections through the 
knee joints, including the lower epiphysis the femur and the upper 
epiphysis the tibia. our experience, the changes the ribs 
are more easily followed, and there the advantage that the period 
decalcification can materially shortened. 

The routine method fixation and staining described previous 
papers (3,4) was employed. Diet 84, described Sherman and 
Pappenheimer (3), has been found satisfactory for therapeutic tests 
that the preparatory cartilage remains permanently calcium-free for 
period least months, even when growth remains stationary 
has occurred during the earlier weeks, the rachitic lesions are apt 
very poorly developed and such animals are unsuitable for curative 
experiments. Furthermore, shown Hess, Unger, and Pappen- 
heimer (5), the addition even mg. phosphorus the form 
leads eventually spontaneous healing. have also 
observed that rapid loss weight, especially when associated with 
diarrhea, favors the deposition calcium. This comparable the 
effect complete starvation, described McCollum, Simmonds, 
Shipley, and Park (6). Diet 84, the rachitic lesions are always 
well marked animals which have shown fair growth. Even when 
the weight curve stationary declining, there tendency 
spontaneous healing, and the changes described may, with 


considerable degree certainty, ascribed the curative agent 
used. 
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order follow these curative changes detail, advisable 
describe first the appearances found ribs (a) normal animals 
complete diet; non-rachitic rats which because inadequate 
diet, for other reasons, have failed grow normally; and (c) rats 
the rickets-producing diet (No. 84). 


Normal Ribs from Healthy Rats 100 150 Gm. 
Weight, Months Old (Figs. and 2). 


The costal cartilage calcified the central portion within 
roughly 0.5 mm. the epiphyseal line. The resting cartilage pre- 
sents peculiarities. The proliferating cartilage zone (Pr) begins 
abruptly, the cells become aligned orderly columns, separated 
abundant, bluish staining, uncalcified matrix. The cells increase 
somewhat size the zone preparatory calcification approached. 
The columns have conical shape, with the apex directed towards the 
resting cartilage. The width this zone, according Erdheim (7), 
ranges from 100 200 

Zone Preparatory Calcification averages four cells 
depth, and normal animals does not exceed six cells. The carti- 
lage cells composing increase greatly size. The nuclear staining 
our preparations often very pale, and many the cells, 
nucleus visible. The cytoplasm scanty, ragged, and apparently 
hydropic. The cells, because their large size, lie closer together 
than the proliferative zone; they are embedded completely 
calcified matrix, staining dark purplish blue with hematoxylin, and 
black dark brown with silver nitrate. 

Endochondral Ossification and Primary Spongiosa.—The process 
which the cartilage cells are destroyed the invading blood vessels, 
and which the primary are developed about the scaf- 
folding afforded the persistence the calcified matrix between 
the destroyed cartilage cells, too familiar require description 
The length and thickness the vary considerably dif- 
ferent normal rats; have found the development the pri- 
mary spongiosa sensitive index general growth and nutri- 
tion. This well illustrated sections from rat which there 
was cessation growth during the last week life, which was 
reflected attenuation the proximal portion the tra- 
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becula—that portion contiguous the cartilage and last formed. 
older rats, showing very vigorous growth, the are long, 
stout, and closely apposed, bordered distinct osteoblasts and 
separated narrow vascular channels (Figs. and old 
animals, after the cessation epiphyseal growth, larger animals, 
which arrest growth artificially brought about dietary 
deficiency, such lack fat-soluble the trabecule atrophy 
become fused into transverse plate bone extending across the 
cartilage. 

Osteoid tissue virtually absent the primary spongiosa, the 
calcium apparently being deposited fast the osteoid precursor 
the bone elaborated. Only rarely silver preparations counter- 
stained with Van Gieson’s picrofuchsin, aqueous safranine, 
possible make out here and there narrow rim osteoid. 

Secondary Spongiosa (Figs. and consists sparse 
number stout completely ossified, without inclusion 
calcified cartilage matrix. join the cortex obliquely, reinforcing 
the region just distal the epiphyseal line, and joining with 
the primary spongiosa. osteoid border rarely 
distinctly seen. 

Cortex.—The thickness naturally varies with the size and general 
development the rat, and greater the middle ribs than the 
upper ones. also increases somewhat one passes from the 
region the chondrocostal junction. The cortex continued over 
the cartilage far the base the proliferative zone, which 
point there usually slight constriction, thin layer beneath the 
fibrous perichondrium. Normally, this continuation only partly 
calcified. 

regards the osteoid margin, this found only 
most commonly, Erdheim (7) points out, about the perforating 
vessels, the pectoral surface beneath the periosteum, more 
abundant young, actively growing animals, and may entirely 
invisible older rats. general, the differentiation between osteoid 
and calcified bone more sharply brought out silver safranine 
preparations than hematoxylin-eosin-stained sections. But even 
the silver preparations, visible osteoid border may entirely 
lacking the normal rat. The average thickness the normal 
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physiological osteoid given Erdheim from 5.5 but there 
are, might expected, fairly wide variations. 


Ribs from Athreptic Rats. 


The conditions above described are typical for rats which have 
been full diet containing abundance necessary mineral and 
organic foodstuffs, including vitamines. 

non-rachitic rats deficient dietary, which failure 
growth has occurred because infection, the finer structure the 
rib considerably modified (Fig. 15). 

Zone Preparatory often found reduced 
two three cells. The intervening matrix densely calcified, 
the normal bone. The chief abnormality the endochondral 
ossification. 

Primary Spongiosa.—The trabecule the primary spongiosa are 
short, slender, misshapen, and often defective over considerable areas. 
The exposed cartilage cells are often surrounded, and even invaded 
pale fusiform polygonal cells, among which syncytial 
nucleated cells are occasionally found (Fig. 7). These cells, though 
morphologically related osteoblasts seem incapable performing 
their osteogenetic function. The osteoblasts which surround such 
are formed, are flat and inconspicuous. 

Cortex.—The cortex thinner than normal, especially the region 
the chondrocostal junction, and the endosteal and periosteal 
osteoblasts are either missing entirely, or, like those which border the 
trabecule, are endothelium-like. 

Secondary Spongiosa.—A secondary spongiosa often wanting. 
Evidences increased resorption these bones are not striking. 
Occasionally, multinucleated are seen beneath the perios- 
teum, lacune. The marrow cavity wide proportion the 
size ‘There may marked congestion, even hemorrhage, 
and infected rats (rat typhoid), areas focal necrosis are not 
uncommon. 

The appearances described, due part deficient osteogenesis, 
part continuance the physiological resorption which ac- 
companies bone growth and persists even when growth arrested, 
lead rarefaction the bone which the term “osteoporosis” 
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applicable. Our material includes all transitions between extreme 
degrees osteoporosis and the normal picture; and has been stated, 
possible draw quite accurate inferences the general condi- 
tion the animal from the histological structure the ribs, and 
particular, from the development the primary spongiosa. 


Ribs from Rachitic Rats. 


Although rachitic lesions have been produced variously modified 
diets, reported previous papers, need describe here only the 
appearances observed Diet 84, which was the diet chosen for the 
purpose testing the curative activity the various cod liver oil 
fractions. 

The gross alterations the ribs rachitic rats have been described 
detail Morpurgo (8), Erdheim (7), Pappenheimer (9), Sherman 
and Pappenheimer (3), Shipley, Park, McCollum, and Simmonds (10), 
and others, and need not again recalled. However, accurate 
description must given the histological changes produced 
the diet used these experiments, order that the alterations which 
take place the course healing may made intelligible. 

Resting has shown careful measurements 
that there tendency rachitic rats for this zone surpass the 
normal both depth and width. The histological structure is, how- 
ever, wise altered. 

Proliferating boundaries this zone are difficult 
define inasmuch the failure calcium deposition the pre- 
paratory cartilage makes impossible, the more severely rachitic 
ribs, establish sharp line demarcation. Where there great 
lateral swelling the cartilage, the cell columns are often separated 
abundance matrical substance, excess the normal 
amount. many the preparations, the zone proliferating 
cartilage, both respect its dimensions and the appearance and 
arrangement the cells, does not differ notably from that found 
normal ribs (Fig. Pr). 

Zone Calcification.—It here that one finds the 
most striking and characteristic changes. Diet 84, has been 
previously stated, there complete failure calcium deposition, 
that even the silver nitrate preparations, the entire cartilage re- 
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mains permanently free stainable material (Figs. The 
only situation which there is, times, still some demonstrable 
calcium the extreme tips the lateral prolongations the 
cartilage. The calcium present there probably represents that which 
had already been laid down the time when the rachitic regimen 
was begun, and which the time death had not been completely 
reabsorbed (Figs. and 

the normal rib, the depth the zone preparatory calcification 
varies within very narrow limits, and rarely exceeds four five cells. 
the rachitic rib, there enormous increase the depth this 
zone, that often possible count more cells from the 
base the zone the tip the prolongations where the cartilage cells 
become intermingled with the osteoid tissue the rachitic metaph- 
ysis. The degree enlargement varies considerably, depending upon 
the length time that the rat has been upon the rachitic diet, and also 
certain degree, upon the general growth and nutrition. has 
repeatedly been pointed out that rachitic lesions are more severe 
well nourished infants than stunted, marantic ones; and the same 
differences, general, hold for the experimental rickets rats. But 
even rats which have shown only transitory gain weight, the 
enlargement the zone preparatory calcification constant and 
dependable feature. the study several hundreds rats main- 
tained this diet, have observed only three rats which this 
increase depth the cartilage did not greatly exceed the normal 
limits. These exceptions were stunted rats suffering from diarrhea 
during the experimental period, and showing from the outset station- 
ary declining weight curve. 

The columnar arrangement the cartilage cells usually preserved 
the basal portion this zone, point importance, will shown 
the reconstitution the epiphyseal line the later stages heal- 
ing. Towards the diaphysis, the alignment the cells columns 
entirely lost, and one encounters great variations size, shape, 
and staining. The uncalcified matrix also shows variations its 
staining reactions and comes resemble places the osteoid tissue 
which forms large component the rachitic metaphysis. This 
occurs particularly the vicinity the perforating vessels. 
shall not discuss here the difficult question the direct metaplasia 
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cartilage into osteoid tissue, since this has direct bearing upon the 
process healing; and matters very little how one interprets the 
transitions which undoubtedly occur between atypical cartilage and 
osteoid tissue. 

generally held that the calcification the cartilage neces- 
sary condition for the vascular destruction the cartilage cells. 
The failure calcium deposition rickets may, therefore, held 
responsible for the persistence the cells, and the great increase 
the depth this zone. The formation new cartilage continues, 
though probably diminished rate,? but because the newly formed 
cells are longer opened orderly fashion the blood vessels the 
marrow, and because the failure matrical calcification, there 
produced enormously deepened zone cartilage cells. 

Primary Spongiosa.—After weeks the rachitic diet, there 
formed the region the original primary spongiosa excessive 
amount calcium-free osteoid tissue. There longer system 
orderly parallel ranged the long axis about the calcified 
continuations the cartilage matrix, but broad convoluted masses, 
many times thicker than normal and often fused and 
distorted that their relation the original trabecule wholly ob- 
scured (Fig. Some these osteoid masses still contain 
core composed osseous tissue, inclosing turn the remains 
calcified matrix. Many them appear contain calcified tissue 
whatever, although evident that the section may pass wide the 
central bony core. Often there are found columns irregular groups 
cartilage cells embedded the osteoid tissue. 

The newly formed osteoid most places homogeneous texture 
and stains uniformly and deeply with eosin, with acid fuchsin 
Van Gieson’s stain, with the aqueous safranine the silver prepara- 
tions. The demarcation between the calcified bone and the osteoid 
invariably very sharp one. the process recalcification, 
will pointed out, the demarcation obscured. 

Perichondral the normal rat rib, described, the cor- 
tex extends over the cartilage far the base the proliferative 
zone, thin lenticular strip interposed between the fibrous peri- 
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chondrium and the cartilage. least partially calcified, the 
calcium being laid down contiguous the cartilage. the rachitic 
rib, the perichondral osteoid not only free from calcium, but forms 
very thick crescentic mass which contributes largely the fusiform 
bulbous swelling the junction (Fig. When the rib 
angulated, this perichondral osteoid and its continuation cortical 
osteoid increase still more and fill the V-shaped gap the pectoral 
aspect. 

Cortex.—The calcified cortex (Fig. Ca) characteristically 
bordered both its endosteal and periosteal surfaces mantle 
osteoid which thickness far surpasses that visible the normal 
rat corresponding age (Fig. Co-ost). While this excessive produc- 
tion osteoid most extreme the vicinity the epiphysis, 
extends along the whole length the shaft, and may abundant 
materially narrow the bore the marrow cavity. The calcified 
portion always reduced thickness, and, rarely, the calcified bone 
may entirely interrupted over short stretches, and replaced 
osteoid. 

Infractions, rather rare except the more extreme cases human 
rickets, are almost regularly produced upon this diet. There 
formed about the site fracture, globular fusiform mass 
callus, composed partly cartilage, partly osteoid tissue. The 
marrow the region the fracture undergoes fibrous transformation. 
The this rickets-producing diet, remains free from calcium; 
the deposition calcium the cartilaginous and osteoid callus takes 
place only under the influence some curative agent (Figs. and 17). 

Marrow and Blood the blood vessels the 
region the epiphysis, upon which much stress has been laid those 
who believe the toxic infectious origin the disease, 
means feature the experimentally produced rat disease. The 
overproduction osteoid the metaphyseal region usually 
great reduce the spaces between the trabecule narrow clefts, 
that marked dilatation the blood channels mechanically im- 
possible. Even the earliest stages, hyperemia not striking 
feature, and the vascularity the epiphyseal region does not exceed 
that normal bones. 

There very little cellular marrow interposed between the blood 
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sinuses and the osteoid the region the metaphysis; 
frequently the endothelium rests directly upon the osteoid tissue. 
Usually possible distinguish from the endothelium the osteo- 
blasts which border the osteoid trabecule. They are ranged 
orderly continuous rows, normal osteogenesis; but they may 
heaped lie partly embedded the osteoid tissue. Fibrous 
transformation the marrow not conspicuous feature, except 
the neighborhood fractures. 

The blood vessels fail penetrate the cartilage the even and 
regular fashion essential normal ossification, but the central 
axial portion the rib, they may extend considerable distance 
towards the base the zone preparatory calcification (Fig. 
has been already noted, the matrix the cartilage the vicinity 
these penetrating blood vessels tends stain with eosin, and 
resemble osteoid tissue. 

have described the salient features the rachitic rib somewhat 
detail, without, however, entering into discussion disputable 
points and theoretical interpretations. The reader referred the 
exhaustive treatise Erdheim for more minute analysis the 
rachitic rat lesions. 


Healing under the Influence Cod Liver Oil and Its Active Fractions. 


The material our disposal for the study the healing process 
may grouped follows: 


Healing practically completed...... rats. 


The stage healing depends, course, not merely upon the 
length time that the rat was under treatment, but also upon the 
activity the preparation used, and certain extent upon the 
dosage. There are also individual variations, that identically 
treated rats not always show the same degree healing. 

have selected from our records the following five protocols, 
typical the various stages observed. 


Rat 197.—At the age weeks, the rat was placed upon Diet radiogram 
taken days later showed broad defect the swollen head the tibia. After 
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days the rachitic diet, treatment was begun with daily doses drops 
cod liver oil, Fraction preparation having only slight curative activity. 
Radiogram taken after days showed faint and narrow transverse band 
extending across the defect the head the tibia. The animal was killed and 
autopsied. Initial weight gm. Maximal weight gm. Terminal weight 
gm. 

Rib.—There advanced rickets, with great increase the zone preparatory 
calcification, and marked thickening the perichondral, subchondral, and 
cortical osteoid. The following evidences early healing are found. 

The zone preparatory calcification not entirely free from calcium, but 
shows, silver staining, deposition lime salts the lateral portions, extending 
within five six cells the base, and distally the terminal cells. There are 
also irregular deposits the mid-zonal portion, not extending completely across 
the cartilage. There early calcification the osteoid the perichondrium, 
the form fine bluish granules laid down contiguous the cartilage. Through- 
out the mass osteoid tissue which forms the rachitic metaphysis and which 
envelops the old calcified bone the cortex with thick irregular mantle, one 
may find areas fresh calcification, distinguishable from the previously deposited 
calcium its fine powdery character, and somewhat fainter staining with 
hematoxylin. 

Very early healing. 


The following protocol also illustrates early stage healing. 


Rat 664.—Received Diet for days. Radiogram this time showed 
pronounced rickets. Treated for days with cod liver oil, Fraction 22. After 
days, the radiogram showed distinct narrow transverse band indicative 
early healing. 

Rib (Fig. proliferative cartilage shows changes consequence. 
The zone preparatory calcification averages about cells depth. The 
columnar alignment well maintained the basal portion. Here the matrix 
entirely devoid calcium and takes bluish stain. The distal half the cartilage 
traversed band calcification (Fig. Ca) taking purplish stain which 
contrasts sharply with the uncalcified bluish matrix. The terminal portion the 
cartilage, however, almost free calcium. the region the cartilage 
where calcification has occurred, there are numerous large blood vessels com- 
municating with the blood sinuses the marrow (Fig. Many the 
calcified cartilage cells are being invaded and destroyed, the calcified capsule 
becoming eroded one side the cells, and the space occupied the degenera- 
ting remains the cartilage cells filled with red blood corpuscles. The invading 
vessels apparently lose their endothelial lining, any rate appear dis- 
charge their red corpuscles into the empty capsular space. few the 
eroded cartilage cells, one finds group three four small angular cells, 
staining deeply with hematoxylin osteoblasts 
morphology. 
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Very interesting changes are seen some the unopened cartilage cells which 
lie the calcified zone. The cytoplasm filled with hyaline droplets various 
sizes, staining deeply with eosin, and resembling those seen degenerating renal 
epithelium (Fig. 18). The nucleus these cartilage cells sometimes normal, 
more commonly shrunken and irregular outline. 

The spongiosa represented irregular composed calcified bone, 
osteoid tissue, and atypical metaplastic cartilage. Closer study shows certain 
differences from the picture found untreated rats. The osteoid tissue less 
homogeneous than usual, more fibrillar, and there are clefts and fissures which 
lie small angular osteoblasts bone corpuscles. The surface the 
not smooth, but irregularly eroded. The osteoblasts not cover the 
continuous rows, but are heaped places the surface, partly embedded 
the osteoid. 

The greatly thickened perichondral osteoid shows recent calcium deposits 
several places Adjacent the cartilage, there fringe calcium, 
the granules being deposited rows following along the course the fibrils. 
Further out nearer the fibrous perichondrium, there are also irregular areas 
calcification, easily distinguishable from the previously calcified bone their 
granular character. 

very striking feature the section the distention the large blood sinuses 
the subchondral region (Fig. The the spongiosa are 
separated these dilated blood sinuses, very few the blood-forming elements 
being interposed between the endothelium the sinuses and the trabecule. 
Further along the marrow cavity, this dilatation the blood channels becomes 
progressively less marked, and the marrow resumes its normal vascularity. 

The cortical osteoid very greatly increased amount. Here and there, 
especially the periosteal surface, there are areas granular calcification. 


Summarizing the evidences healing, find (1) deposition 
calcium the distal half the widened zone preparatory calcifi- 
cation; (2) invasion the calcified portion from the lateral and sub- 
chondral sides large blood vessels, with destruction the cartilage 
cells; (3) changes the osteoid tissue which may taken indicate 
beginning lysis halisteresis; (4) great dilatation and congestion 
the blood sinuses the metaphyseal region; and (5) deposition gran- 
ular calcium the perichondral and pericortical osteoid. 

later phase healing presented the ribs Rat 660. 


Rat 660.—After days Diet 84, marked rickets had developed, shown 
the radiogram. Cod liver oil, Fraction 23, was then given daily for period 
days. During the last weeks life, the weight declined from gm., 
which may have favored the healing process. radiogram, taken the 9th 
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day after beginning treatment, that before the rat had begun lose weight, 
showed delicate transverse band crossing the tibial defect. 

Rib (Fig. there still marked fusiform swelling 
the chondrocostal junction. The following conditions are found sections. 

The zone proliferating cartilage somewhat reduced depth; the columns 
are short and widely separated (Fig. 10, Pr). The zone preparatory calcifica- 
tion (Fig. 10, consists two fairly distinct portions. The basal part 
composed orderly columns for distance six eight cells, between which the 
matrix completely calcified. The calcium ends even line the base 
the zone proliferative cartilage, and blood vessels penetrate this portion. 
From this basal part, there extend shaftwards into the original rachitic metaphy- 
sis large irregular processes cartilage, which columnar arrangement the 
cells for the most part lost; and the distal portion, individual cartilage cells 
become separated from one another pink-staining matrix. There very 
extensive calcium deposition throughout these prolongations; only where the 
matrix shows this atypical staining and merges into osteoid tissue, that lime 
salts have been laid down. prolongations cartilage are being invaded 
from all sides wide congested blood vessels (Fig. 10, Bv), that the entire 
metaphysis has coarse spongy structure. Wherever the cartilage cells are 
contact with the blood vessels, they are being eroded precisely the same fashion 
during the process normal endochondral ossification, save that the cartilage 
cells are attacked from all sides. Comparatively little bone formed about the 
calcified remains the matrix, but here and there, especially about the basal 
portion the cartilage, one finds groups unopened cartilage cells, surrounded 
irregular shell osseous tissue, bordered distinct osteoblasts. 
general, osteoblasts marrow elements are interposed between the blood 
channels and the calcified cartilage. 

Towards the shaft, the section passes tangentially one side the marrow 
cavity, that one comes rather suddenly upon solid mass osteoid tissue. 
Further along, the marrow cavity again exposed. 

The osteoid tissue, wherever seen, the process becoming recalcified. 
The old calcified bone takes bluish stain, and contains bone corpuscles heavily 
impregnated with hematoxylin, but this previously calcified bone shades off 
gradually into granular purplish fringe recently deposited calcium, that the 
demarcation between calcified bone and uncalcified osteoid greatly obscured. 
This brought out also the silver preparations, where the old bone takes 
compact black stain, but the newly deposited calcium salts the margin appears 
discrete granules. oval clear space left about the bone corpuscles the 
calcifying osteoid, whereas minute angular clefts much smaller size mark the 
site the adult bone corpuscles the originally calcified bone. 


The salient features this rib are therefore (1) complete recalci- 
fication the enormously widened preparatory cartilage; (2) active 
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erosion this calcified cartilage large blood channels, leaving, 
however, basal columnar layer, approximately six cells depth, 
which, shown the study subsequent stages, destined form 
new zone preparatory cartilage; and (3) extensive recalcification 
the osteoid tissue, perichondral, subchondral, and cortical, with its 
conversion into adult bone. Evidences active bone formation 
increased bone destruction are not striking. 
The final stage the healing process exemplified Rat 846. 


Rat 846.—This rat was placed Diet for days. Radiogram taken the 
day showed the usual marked rickets. Daily treatment with drops cod 
liver oil, Fraction was then given for period days. Radiogram 
the 11th day treatment showed well marked transverse shadow. The animal 
gained only gm. during the entire experimental period and was poorly nourished 
autopsy. 

Rib (Fig. 14).—There still slight fusiform swelling visible grossly and the 
sections. The zone proliferative cartilage (Fig. 14, Pr) somewhat narrower 
than normally growing rats. The zone preparatory calcification has been 
completely reformed (Fig. 14, composed orderly columns three 
four swollen cells, separated densely calcified matrix which merges directly 
into the primary spongiosa (Fig. 14, The latter consists series short 
broad some which extend over several rows cartilage cells, and are 
partially fused their distal ends. the recesses between the loops 
capillaries extend upwards contact with the cartilage cells, some which 
are being eroded, but less orderly way than normal actively growing bone. 
The capillaries are accompanied few pale osteogenetic cells, which mitotic 
figures are occasionally found. 

The fusiform swelling distal the cartilage enclosed thickened cortex 
(Fig. 14, Co), derived from the ossification the rachitic osteoid. There 
abundant secondary spongiosa (Fig. 14, which consists many irregularly 
disposed few these still contain one several cartilage cells. 
For the most part, however, these trabecule are completely changed into bone. 
The osteoid tissue has thus been part resorbed, part completely calcified and 
converted into bone. 

The blood sinuses this region are enormously widened and crowded with red 
cells. endothelial lining not always distinct, but this may fault 
preparation. Between the distended blood channels, there fair amount 
normal cellular marrow, but many places, the vessels are direct contact with 
the marrow. 

The cortex hematoxylin-eosin preparations takes uniform blue stain; but 
silver-safranine slides, there still found places, especially about the per- 
forating vessels, and along the endosteal surface, border uncalcified osteoid 
distinctly wider than the normal. 


3 
ag 
= 
ig 
a 
3 


ALWIN PAPPENHEIMER 349 


The rachitic lesions, revealed the radiogram before treatment 
was begun, have been followed almost complete restitution 
the normal. There are still some detectable traces the previous 
rickets; namely, the fusiform swelling the site the original rachitic 
metaphysis, the presence few included cartilage cells deep the 
spongiosa, the disorderly arrangement the bony and the 
presence osteoid slightly excessive amount along the cortex. 
The epiphyseal line, however, has been completely reconstituted, and 
healing virtually completed. 

The following protocol cited show that with the healing the 
rachitic lesions extreme osteoporosis may develop. 


Rat 653.—Placed Diet for days. Radiogram taken the 27th day 
showed pronounced rickets. Treatment with cod liver oil, Fractions and 24, 
was administered over period days. Radiograms taken 5th, 10th, 
36th, and 49th days after beginning treatment show the progress the healing 
(Fig. 16). The rat increased weight from gm. the beginning the 
experiment gm., but lost gm. during the remaining period life. 

Rib (Fig. picture that extreme osteoporosis. The zone 
preparatory calcification reduced two cells depth, the matrix between the 
cells densely calcified. practically primary secondary spongiosa 
(Fig. 15, only two three thin, obliquely placed trabecule remaining. 
The cortex (Fig. 15, Co) thin, completely calcified, save for even narrow 
strip endosteal osteoid bordered distinct osteoblasts. The marrow cavity 
wide and the sinuses are congested. The cellular marrow extends the cartilage, 


this rat, the previous rachitic lesions, evident the radiogram, 
have completely healed and given place extreme osteoporosis. 


DISCUSSION. 


From these illustrative protocols, and from study numerous 
other examples, possible trace quite logically the sequence 
events the healing process. 

The first obvious effect the administration cod liver oil one 
its active fractions the ribs rat rendered rachitic Diet 84, 
the deposit calcium salts the zone preparatory calcification. 
The exact site this deposition varies somewhat, but begins 
regularly the lateral aspects the cartilage, and, somewhat later, 
extends across the cartilage broad band. Gradually, the area 
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extends basally far the rows proliferating cells, and distally 
involves all the irregular prolongations throughout the rachitic 
metaphysis (Fig. 9). 

The time relations vary greatly—with the dosage, with the activity 
the preparation used, and probably also with the severity the 
rachitic lesions the time when treatment was begun. have 
observed beginning calcification within hours after the adminis- 
tration single dose pure cod liver oil, and after days, 
calcium often present throughout the greater portion the carti- 
lage. The complicated rearrangements necessary bring about 
complete return the normal require, however, considerably longer 
period. 

Accompanying the deposition calcium the matrix the carti- 
lage, there laying down the salts also the osteoid tissue. 
the perichondral osteoid, which always very considerably thickened, 
one finds granular deposit beginning that portion the osteoid 
contiguous the cartilage The granules calcium are 
ranged often linear rows right angles the cartilage, likeminute 
stalactites (Fig. the spongiosa and the 
osteoid masses which envelop the calcified bone the cortex, new cal- 
cium islaid down firstin granular form, or, seen 
preparations, faint purple cloud fringing the originally calcified 
bone. this osteoid tissue becomes transformed into fully calcified 
bone, the osteoblasts embedded its substance change their character, 
becoming more pycnotic and angular and acquiring the stainable 
processes distinctive adult bone corpuscles. 

This active deposit calcium the cartilage and osteoid very 
easy demonstrate and understand, least from the morphologi- 
cal view-point. But the return the normal structure involves also 
resorption the excessive cartilage and osteoid tissue which make 
the swollen rachitic metaphysis; and there are details this 
process which are less easily analyzed. 

The excess cartilage appears disposed the following 
way. With the calcification the capsules and matrix the carti- 
lage cells, there invasion from all sides blood vessels which 
bring about re-solution the calcium and digestion the con- 
tained cellular material, exactly the same way this takes place 
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physiologically during endochondral ossification. The only difference 
that this destruction the cartilage cells takes place most irregu- 
larly, whereas normal endochondral growth, the erosion the cells 
occurs uniform and orderly fashion the line ossification. 

With the disappearance the cells, there remain for time portions 
undissolved cartilage matrix the form curved rods which may 
form the framework new bony trabecule. 

important note that this destruction spares the cells the 
base the cartilage, where the columnar alignment still preserved. 
Usually rows four five cells remain uninvaded the blood vessels 
and these basal cells eventually form the new zone preparatory 
calcification, when healing completed (Fig. 13). 

The removal the excess cartilage through the lytic agency the 
blood vessels, therefore, involves new principles. apparently 
conditioned the calcification the matrix, and the same factors, 
presumably, are operative are concerned the physiological de- 
struction cartilage during normal growth. The resorption the 
excessive amount osteoid, which undoubtedly also occurs large 
scale, less easy follow. have observed that this stage the 
osteoid tissue still present the subchondral region stains less in- 
tensely, has looser fibrillar structure, and often appears frayed and 
eroded the margins—appearances which suggest that under- 
going solution. The contained corpuscles, those the edge, lie 
clefts, they were being freed from their imprisonment the 
dissolution the rigid material about them. Occasional multinu- 
cleated cells may found, but osteoclastic resorption certainly plays 
very subordinate part this process. The deeply staining cells 
which are often found rows small groups the surface the 
have the character osteoblasts, and there seems good 
reason for assigning them resorption. exact process 
which much the uncalcified osteoid removed remains obscure. 
possible that further study with special staining methods may 
add our understanding, but the interpretation the finer changes 
accompanying resorption has always been matter difficulty. 

However brought about, this resorption the osteoid very clearly 
takes place first the proximal half the rachitic metaphysis, that 
the portion nearest the cartilage, and only later affects also the 
distal portion. 
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Accompanying the removal the excessive cartilage and osteoid 
tissue, there takes place also extreme and striking distention the 
blood vessels. This may well brought about passively the 
solution the solid structures, that the vascular channels are 
without support, and converted into veritable lakes blood (Figs. 
and 13, 

Two stages the recalcification the callus about fracture, 
under the influence active preparations cod liver oil, are illus- 
trated Figs. and recalcification the callus cartilage, 
and its conversion into spongy bone, are brought about the way 
described discussing the alterations the cartilage the zone 
preparatory calcification during healing. 

The study the anatomical changes cannot, obviously, explain 
satisfactorily the mode action the cod liver oil. That remains 
chemical problem. The matter, however, considerable 
degree simplified the observation that the determining incident 
the initial calcification the preparatory cartilage and osteoid. The 
subsequent changes follow inevitably, and are different principle 
from those that take place normal bone growth. The problem, 
therefore, resolves itself into the question how cod liver oil pro- 
motes the deposition the calcium. would premature discuss 
this detail, nor does fall within the scope this paper consider 
the chemical aspects this healing process. 

hoped, however, that the above description will supplement 
the excellent studies Schmorl (11) and others the healing 
human rickets. While the earlier phases have been accurately de- 
scribed Schmorl, and correspond all essentials those seen the 
healing experimental rat rickets, only the experimentally 
controlled disease that possible follow the reparative changes 
through all stages complete healing. 


SUMMARY. 


Rats which had developed rickets were treated with cod liver oil 
active fraction cod liver oil, and the various changes which 
occur the healing the bone lesions were studied. Several 
phases are described, from the early deposit calcium salts the 
zone preparatory calcification the return normal bone. 
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These stages correspond closely those found the healing 
human rickets. 
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EXPLANATION PLATES. 


resting cartilage; Pr, proliferative cartilage zone; zone preparatory 
calcification; prolongations preparatory cartilage; primary spongiosa; 
secondary spongiosa; Co, cortex; Pc, perichondrium; Po, periosteum; 
osteoid tissue; marrow; blood vessel; Ca, calcium. 


PLATE 20. 

Rat520. the age weeks placed Diet consisting of: 


After days, the weight had increased from to90 gm. Normalrib. Hema- 
toxylin-eosin. 


The weight increased from 162 gm. during the period days. Normal 
rib. Hematoxylin-eosin. 
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21. 


Fic. Rat 811. days Diet 84. Typical rachitic lesions. Silver 
nitrate-safranine. 

Fic. Rat 816. days Diet 84. Advanced rickets. deposition 
calcium preparatory cartilage osteoid. Silver nitrate-safranine. 


22. 


days Diet 84. Initial weight gm.; terminal weight 
gm.; maximal weight days antemortem) gm. Complete absence 
calcium zone preparatory cartilage, and perichondral and cortical osteoid. 
tendency “spontaneous” healing. Silver nitrate-safranine. 

Fic. Rat 664. days Diet 84. Then given daily treatment with cod 
liver oil, Fraction 22, for days. Beginning calcium deposition preparatory 
cartilage and osteoid (Ca). Silver nitrate-safranine. 


PLATE 23. 


Fic. Rat 47. days diet deficient fat-soluble Moderate osteo- 
porosis. Pale cells about cartilage (A); syncytial cells 

Fic. days Diet 84. Single dose drops cod liver oil, 
Fraction (active preparation), hours before death. Beginning deposition 
calcium (Ca;) perichondral osteoid (Pc-ost), the form striate granules 
perpendicular the long axis. Calcification matrix cartilage (Caz) distal 
portion zone preparatory calcification. Hematoxylin-eosin. 


24. 


Fic. Rat 847. days Diet 84. Then given daily treatment with 
drops cod liver oil, Fraction 31-D (diluted but active preparation), for 
period days. Marked healing shown radiogram. Rib shows extensive 
recalcification preparatory cartilage, and perichondral and cortical osteoid; 
marked dilatation blood vessels (Bv). Pale cartilage cells may seen 
Silver nitrate-safranine. 

Fic. 660. days Diet 84. Then given daily treatment with 
slightly active preparation cod liver oil, Fraction 23, for period days. 
Rib shows moderately advanced healing. Complete recalcification zone 
preparatory cartilage, with areas resorption, and great widening blood sin- 
uses. Calcification perichondral osteoid. Silver nitrate-safranine. 


PLATE 


Fic. 11. Rat 189. days Diet 84. Then given daily treatment with 
cod liver oil, Fraction 12, for period days. Rib shows callus about fracture 
(F), with beginning calcification cartilage. untreated rats Diet 84, the 
callus remains calcium-free. Silver nitrate-hematoxylin-Van Gieson. 
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Fic. 12. Rat 647. days Diet 84. Then given daily treatment with 
cod liver oil, Fraction (active preparation), for days. Advanced healing. 
large part the preparatory cartilage, following calcification the matrix, has 
been eroded and replaced wide blood sinuses. Osteoid tissue still present 
the distal portion the metaphysis. Silver nitrate-safranine. 


PLATE 26. 


Fic. 13. Rat 646. days Diet 84. Then given daily treatment with 
cod liver oil, Fraction 24-A, for period days. Advanced healing. 
Included cartilage cells secondary spongiosa (Sp2). Hematoxylin-eosin. 

Fic. 14. Rat 846. Diet 84. Then given treatment with cod liver 
oil, Fraction (active preparation), for days. Rib shows virtually com- 
plete new zone preparatory calcification and spongiosa have been 
reconstituted, and recalcification everywhere complete. Traces previous 
rachitic deformity are still evident the fusiform swelling, irregularity trabe- 
cule, and thickening cortex the site the original rachitic metaphysis. 
Hematoxylin-eosin. 


PLATE 27. 


Fic. 15. Rat 653. days Diet 84. Then given daily treatment with 
cod liver oil, Fraction 21, for period days, followed Fraction for 
days. The progressive healing the rachitic lesions shown Fig. 16, 
Initial weight gm.; maximal weight (36th day) gm.; terminal weight gm. 
Rib shows marked osteoporosis. Zone preparatory calcification reduced 
two cells; matrix calcified; primary spongiosa fused, trabecule rudimentary; 
cortex thinned, visible osteoid border; secondary spongiosa defective. Hema- 
toxylin-eosin. 

Fic. 16, toe. Rat 653. Radiograms taken before, and the 5th, 10th, 
36th, and 49th days after beginning treatment. 


PLATE 28. 


Fic. Rat 962. days Diet 84. drops cod liver oil daily for 
days. Rib shows fracture (F) with bone formation Remains 
cartilage recalcification osteoid Ca. Hematoxylin-eosin. 

Fic. 18. Rat 664. droplets cartilage cells. Hematoxylin-eosin. 
Oc. obj. immersion. 
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ETIOLOGY YELLOW FEVER. 


XIV. DURATION THE PROTECTIVE EFFECT ANTI-ICTEROIDES 
SERUM AFTER SUBCUTANEOUS INOCULATION 
INTO ANIMALS. 
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has already been reported,! the immune serum 
capable protecting susceptible animals against infection with 
Leptospira icteroides when administered simultaneously during the 
early period the disease. Lyster, Pareja, Bailey, Vaughn, Vas- 
concelos, Casasus, Iglesias, Loyo, Blanc, Lynn and his associates, 
Hernandez, Lara, Villamil, Kligler, and Gann? have found that 
the mortality among human cases yellow fever treated with the 
immune serum before the 3rd day disease much lower 
than that among untreated cases. cases treated within the 
first days disease Guatemala, Salvador, Honduras, Vera Cruz 
Merida, and northern Peru only died per cent mortality); the 
results serum treatment were less favorable the Tuxpam (Mexico) 
epidemic, where the mortality among the treated was per cent 
deaths among cases), but here the mortality among untreated 
cases was correspondingly higher, being 68.6 per cent (59 deaths 


Noguchi, H., Serum treatment animals infected with icteroides 
Exp. Med., 1920, xxxi, 159; Chemotherapy versus serotherapy experimental 
infection with Leptospira icteroides, 1920, xxxii, 381. Noguchi, H., and 
J., Immunological studies with strain leptospira isolated from case 
yellow fever Merida, Yucatan, Exp. Med., 1920, xxxii, 627; Immunology 
the Peruvian strains Leptospira icteroides, 1921, xxxiii, 253. 

Noguchi, H., Prophylaxis and serum therapy yellow fever, Am. Med. 
Assn., 1921, Ixxvii, 181. See also the report The Rockefeller Foundation for 
the year 1921. 
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among cases). the total 187 cases treated date, 107 received 
the serum before the 3rd day, and these, only died (mor- 
tality per cent); the other hand, there have been deaths (51 
per cent mortality) among cases treated after the 4th day, 
and 225 deaths (56.6 per cent mortality) among 397 untreated cases 
occurring the same localities during the same epidemic periods. 

The serum has apparently undoubted therapeutic value human 
cases yellow fever well cases experimental infection with 
Leptospira icteroides Vaccination means killed 
cultures Leptospira icteroides (injected two subcutaneous injec- 
tions cc. each, days apart) has been shown confer com- 
plete protection within days the last Dur- 
ing the period required for development active immunity, however, 
serum might utilized for the immediate protection 
non-immune individuals who find themselves epidemic 
endemic focus yellow fever, might substituted for vaccina- 
tion the case persons who intend only pass through infected 
district. well known that immune serum antitoxin, when 
introduced into the system non-immune individual, will protect 
against infection for period which varies from few many days 
according the number units immune bodies initially introduced 
and the rate elimination such bodies from the inoculated in- 
dividual. The passive immunity thus conferred necessarily 
short duration, yet the employment anti-icteroides serum for the 
temporary protection non-immune individuals might con- 
siderable practical value. 

the experiments reported here guinea pigs were used 
determine the duration the protective effect injection anti- 
icteroides immune serum. 


EXPERIMENTAL. 


Six different doses immune serum (0.00001, 0.0001, 0.001, 0.01, 
0.1, and cc.) were subcutaneously inoculated into six sets (two each) 
guinea pigs about 500 gm. body weight. The tests for the per- 


Noguchi, H., and Pareja, W., Prophylactic inoculation against yellow fever, 
Med. Assn., 1921, 96. 
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days after the injection the immune serum. order infect all 
the guinea pigs, including six normal control animals, with the same 
material the same time, the injections the immune serum were 
begun days before the time selected for the test inoculation 
virulent strain icteroides. The infective material used 
was emulsion the liver and kidneys guinea pig fatally in- 
Noguchi and which killed the control guinea pigs within 
days quantities 0.001, 0.01, and 0.1 cc. 0.1 cc. the 
emulsion, representing about 100 minimum lethal doses, was used 
this experiment and was given subcutaneously. The results are 
recorded Table 

Analysis the table shows that the minimum quantity anti- 
serum required for protection, revealed the results 
obtained when the serum was given hour previous the inocula- 
tion the infecting material, lay between 0.00001 and 0.0001 cc. 
Judged from the survival three guinea pigs which received seruni 
24, 48, and hours previously the protective titer the serum 
must close cc. There was diminution the protective 
effect within hours, but after and days 0.0001 cc. longer 
gave complete protection, while 0.001 cc. protected every instance. 
days after the time injection the serum 0.001 cc. failed pro- 
tect, but 0.01 cc. was still effective. After the lapse days 0.1 cc. 
was required prevent infection, and after days only those animals 
which had received cc. the immune serum withstood infection. 
The rate elimination the immune substance the body the 
guinea pig after the subcutaneous introduction the 
serum does not proceed uniformly the successive days following 
injection, but follows characteristic course which may roughly 
estimated the manner shown Text-fig. the unit being 0.0001 
which neutralized least 100 minimum lethal doses the 
present series. 

The rate disappearance the immune substance very slow 
first, but becomes rapid after about days. This phenomenon 


4Noguchi, H., and Kligler, J., Experimental studies yellow fever 
northern Peru, Exp. Med., 1921, xxxiii, 239. 
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not characteristic serum alone, because various 
immune serums appear undergo similar reduction strength 
when introduced into different species animals. 
found that tetanus antitoxin (horse serum), given foreign species 
(guinea pigs rabbits), reduced rapidly and that only about 


Curve showing the increase amount anti-icteroides serum 
(in units) necessary for protection according the length time elapsing after 
administration. 


the quantity originally present the blood can demonstrated 
after days.5 obtained similar results. 
estimated that the longest period that the tetanus antitoxin remains 


A., Das Tetanusgift und seine Bezichungen zum thierischen Organis- 
mus. experimentelle Studie iiber Krankheit und Heilung, med. 
1898, xlv, 362; Die Entstehung des Tetanusantitoxins Thierkérper und 
seine zum Tetanusgift, Fortschr. Med., 1897, xv, 657. 

Tizzoni, G., Sull’ efficacia dell’ antitossina nel trattamento preventivo contro 
tetano dopo avvenuto Gazz. osp., 1897, xviii, 1215. 

E., Sur sérothérapie tétanos; essais traitement preventif, 
Bull. Acad. med., 1895, xxxiv, 407. 
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the body about weeks. Pfeiffer and found 
that when anticholera serum derived from the goat injected into 
the rabbit gives rise anti-immune substance which 
neutralized comparatively short time. Ransom and Kitashima® 
showed that homologous tetanus antitoxin, when injected into 
normal horse, may remain long days; that is, the duration 
the passive immunity almost long that active immunity. 
the other hand, and Madsen found that not all ho- 
mologous immune serums remain for long period the body 
the injected animal, but that the length time varies with different 
animal Kraus and his coworkers failed demonstrate 
any evidence for the formation anti-immune substance the 
blood organs animals which had received injection 
heterologous diphtheria Perhaps the sudden disappearance 
the immune substance after about days the present series 
experiments may intimately connected with the precipitin form- 
ation for the heterologous horse serum. Moreover, 
the titer the immune serum certain reduction when 
kept temperature 39°C., even vitro, and may expected 
undergo similar reduction the blood foreign species. 


SUMMARY. 


Analysis the records instances which non-immune persons 
contracted yellow fever notwithstanding vaccination shows that the 
onset disease occurs soon after vaccination, the longest period being 
Since the average incubation period yellow fever days, 
seems that infection must have taken place some instances 
during the period while protection was developing. These instances 
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Ransom, F., The conditions which influence the duration passive immunity, 
Path. and 1900, vi, 180. 

A., and Madsen, T., The fate typhoid and cholera agglutinins 
during active and passive immunisation, Festskrift ved Indvielsen Statens 
Serum-Institut, 1902, Copenhagen, Paper 

Kraus, R., and Joachim, J., Zur Frage der passiven Wien. klin. 
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led study the possibility immediate protection means 
the serum. had already been shown that the im- 
mune serum protects once against experimental Leptospira 
infection, but remained determine how long the protection would 


last. 

Guinea pigs were given different quantities the immune serum 
and subsequently injected, various intervals, with virulent strain 
Leptospira icteroides. Complete protection enduring days was 
obtained with minute quantity serum 0.002 cc. per 1,000 
gm. body weight. After days, however, the immune substance 
rapidly diminished, and keep the animal protected for long 
days was necessary give 100 times much, 0.2 cc. For 
weighing kilos, 0.16 cc. (0.002 80) would theoretically 
sufficient protect for least days, 1.6 cc. for days, and cc. 
This temporary protection may valuable antecedent 
that furnished vaccination, since the final effect the latter 
cannot expected until least days have passed. 
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